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Description 

The  present  invention  relates  to  electrical  resis- 
tance  corrosion  and  plating  sensors,  and  more  partic- 
ularly  concerns  sensors  that  are  of  increased  sensi- 
tivity  for  monitoring  corrosive  tendencies  or  plating 
processes. 

A  common  method  of  continuous  measurement 
of  corrosion  characteristics  employs  resistance 
measurement  of  a  metallic,  corrodible  orerodible  test 
element  to  indicate,  by  change  of  resistance,  the 
amount  of  metal  that  has  been  lost  by  corrosion  or 
erosion  overa  period  of  time.  Awidely  used  sensor  for 
this  measurement  is  known  under  the  trademark  Cor- 
rosometer  manufactured  by  Rohrback  Corporation, 
assignee  of  this  application.  One  such  sensor  em- 
ploys  a  tubular  metallic  test  element  loop  or  wire,  part 
of  which  operates  as  a  reference  element  made  of  the 
same  material  as  the  test  element.  The  reference  ele- 
ment  is  protected  from  the  environment  while  the  test 
element  is  exposed  to  the  environment.  Alternating 
current  is  passed  through  the  elements  and  electrical 
resistance  of  each  is  measured  while  or  after  the  sen- 
sor  has  been  immersed  in  an  environment  of  which 
corrosive  tendencies  are  to  be  monitored.  Because 
resistance  varies  with  the  amount  of  metal  in  the  test 
element,  measurement  of  test  element  resistance 
provides  an  indication  of  metal  loss  and,  therefore,  of 
corrosion.  However,  because  resistance  of  the  metal 
also  changes  with  temperature,  a  reference  element 
is  provided,  made  of  the  same  material  as  the  test  ele- 
ment,  and  having  the  same  temperature  resistance 
characteristics.  Thus,  changes  in  resistance  of  the 
test  element  that  are  due  to  long  term,  relatively  slow 
temperature  variation  may  be  eliminated  by  compar- 
ison  of  resistances  of  the  test  and  reference  ele- 
ments.  Other  sensors  may  include  a  cylindrical  met- 
allic  test  element  carrying  an  inner  reference  element 
made  of  the  same  material  as  the  test  element  with 
the  interior  of  the  test  element  filled  with  a  thermally 
conductive,  electrically  nonconductive  compound, 
thereby  providing  physical  support  for  the  preferably 
very  thin  wall  of  the  test  element. 

A  major  shortcoming  of  presently  available  elec- 
trical  resistance  corrosion  sensors  is  lack  of  desired 
sensitivity  to  low  corrosion  rates  (in  the  order  of  less 
than  about  50nm  (2  mils)  per  year)  due  to  physical 
constraints  imposed  by  pressures  and  flow  condi- 
tions  in  a  process  environment  that  is  being  moni- 
tored.  For  structural  reasons  the  wall  thickness  of 
tubular  loop  test  elements  or  straight  cylindrical  test 
elements  is  usually  required  to  be  lOO^m  (4  mils)  or 
greater.  Similarly,  the  diameter  a  wire  loop  must  be  at 
least  500nm  (20  mils)  for  adequate  physical  structure 
and  strength  necessary  to  withstand  the  process 
pressures  and  flow  conditions. 

Sensitivity  of  a  corrosion  sensor  is  directly  relat- 
ed  to  its  initial  resistance  and,  therefore,  to  the  initial 

thickness  of  the  test  material.  Sensitivity  is  inversely 
related  to  the  test  material  thickness.  To  provide  in- 
creased  sensitivity  of  such  corrosion  sensors  it  has 
been  suggested  to  employ  a  relatively  thin  coating  on 

5  a  relatively  thick  ceramic  or  other  substrate  that  is  not 
electrically  conductive.  However,  there  are  signifi- 
cant  problems  involved  in  the  accurate  coating  of  dif- 
ferent  ones  of  the  desired  test  materials  upon  the  non- 
conductive  substrate.  Such  manufacturing  problems 

10  and  costs  have  heretofore  made  such  robes  practical- 
ly  unfeasible.  Thus,  corrosion  sensors  of  the  prior  art 
are  of  a  limited  sensitivity. 

In  the  electroplating  of  various  objects,  monitor- 
ing  of  the  plating  process  has  been  carried  out  by  per- 

is  iodically  removing  a  test  coupon  from  the  bath  and 
measuring  its  plating  thickness.  Precision  measure- 
ment  of  plating  thickness  as  the  electroplating  proc- 
ess  proceeds  has  not  been  available.  Electrical  resis- 
tance  measurements,  for  example,  those  made  by 

20  measuring  the  continually  decreasing  resistance  of  a 
plated  test  coupon  during  the  progress  of  an  electro- 
lytic  plating  process,  have  not  been  possible.  The 
electrical  current  flowing  in  the  plating  tank  causes 
sufficient  interference  to  the  measuring  circuitry  that 

25  measurement  of  resistance  is  impossible.  Moreover, 
such  sensors,  when  used  for  monitoring  corrosive 
tendencies  of  a  fluid  environment,  are  generally  not 
renewable  and  must  be  discarded  after  a  finite  period 
of  use.  These  sensors  are  relatively  expensive,  at 

30  least  in  part  due  to  manufacturing  procedures  which 
are  necessarily  intricate  and  highly  precise,  and 
therefore,  renewability  is  desirable. 

Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  enable  sensing  of  plating  processes  or  corro- 

35  sive  tendencies  in  a  manner  which  eliminates  or  min- 
imizes  above-mentioned  problems. 

Summary  of  the  Invention 

40  According  to  the  present  invention,  an  electrical 
resistance  sensor  comprises  a  test  element  adapted 
to  be  exposed  to  an  environment  in  which  monitoring 
is  to  be  accomplished,  a  reference  element  protected 
from  such  environment,  and  means  for  comparing 

45  electrical  resistances  of  said  elements  for  determina- 
tion  of  test  element  thickness,  said  test  element  com- 
prising  a  substrate  formed  of  electrically  conductive 
material  characterised  in  that  said  substrate  has  a  rel- 
atively  high  electrical  resistivity,  and  in  that  an  elec- 

50  trical  conductive  test  coating  is  provided  on  said  sub- 
strate,  said  test  coating  having  an  electrical  resistivity 
considerably  less  than  said  substrate  resistivity.  This 
relation  of  resistivities  enables  the  test  coating  to  be 
much  thinner  than  the  substrate,  which  accordingly 

55  can  have  a  substantial  strength  and  be  self- 
supporting,  and  enables  the  test  coating  to  be  elec- 
troplated  directly  upon  the  conductive  substrate. 

In  application  of  the  sensor  for  monitoring  of  elec- 
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troplating,  the  test  element  substrate  is  connected  to 
the  plating  power  source  so  as  to  cancel  a  major  por- 
tion  of  measurement  noise  currents.  The  plating  proc- 
ess  causes  the  substrate  to  be  plated,  thereby  indi- 
cating  plating  thickness  by  measurement  of  sensor 
resistance.  According  to  another  feature  of  the  inven- 
tion,  and  particularly  for  corrosion  measurement,  the 
ratio  of  temperature  coefficients  of  resistance  of  the 
substrate  and  coating  is  in  the  range  of  about  0.8  to 
1  .2,  these  temperature  coefficients  optimumly  being 
mutually  equal.  According  to  another  feature  of  the  in- 
vention,  the  ratio  of  substrate  resistivity  to  test  mate- 
rial  resistivity  is  in  the  range  of  about  7  to  46. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  pictorial  illustration  of  a  corrosion  sen- 
sor  that  may  be  employed  in  the  practice  of  the  pres- 
ent  invention. 

Fig.  2  is  a  section  of  a  portion  of  the  tip  of  the  sen- 
sor  of  Fig.  1. 

Fig.  3  illustrates  the  sensor  elements  of  the  sen- 
sor  of  Figs.  1  and  2  wherein  both  reference  and  test 
elements  are  plated  with  a  thin  layer  of  the  metallic 
element  of  interest. 

Fig.  4  is  a  cross-section  of  part  of  the  test  element 
of  Fig.  3. 

Fig.  5  illustrates  a  modified  sensing  element 
wherein  the  measuring  element  is  plated  with  a  thin 
layer  of  metallic  element  of  interest  but  the  reference 
element  includes  a  wire. 

Fig.  6  is  a  simplified  electrical  schematic  diagram 
of  portions  of  the  sensor  resistive  elements  having  a 
centre  tap  for  use  in  monitoring  of  electroplating. 

Fig.  7  illustrates  an  electrolytic  plating  bath  in 
which  a  sensor  embodying  the  circuit  of  Fig.  6  is  em- 
ployed. 

Fig.  8  illustrates  a  sensor  having  a  noise  sup- 
pressing  connection. 

Fig.  9  shows  portions  of  a  schematic  circuit  of  a 
modification  of  the  noise  suppressing  sensor  of  Figs. 
6  and  7. 

Detailed  Description 

Corrosion/Erosion  Sensing 
As  shown  in  Fig.  1,  an  exemplary  tubular  loop 

type  corrosion  sensor  of  a  type  known  as  a  Corros- 
ometer  probe  manufactured  by  Rohrback  Corpora- 
tion  is  shown  to  include  a  tubular  test  element  30 
mounted  in  a  probe  body  1  2  which  is  formed  with  a  fit- 
ting  14  adapted  to  receive  a  suitable  tool  for  rotating 
the  probe  body  to  cause  a  threaded  neck  16  on  the 
probe  body  to  be  turned  into  a  threaded  opening  (not 
shown)  of  the  wall  of  a  pipe  or  the  like  (not  shown)  into 
which  the  sensor  will  extend  to  expose  the  tubular  test 
element  30  to  the  environment  to  be  monitored.  The 
body  has  a  connector  section  18  which  includes  one 

part  of  a  detachable  connector  plug  having  electrical 
terminals  connected  to  various  points  on  the  test  and 
reference  elements  as  will  be  descibed  below. 

Fig.  2  shows  an  enlarged,  f  ragamentary  section- 
5  al  view  of  the  end  of  the  tubular  loop  sensor  of  Fig.  1. 

Probe  body  12  is  shown  as  being  formed  of  a  tubular 
cylinder  22  having  an  end  closed  by  a  metal  ic  header 
disk  24  which  is  welded  at  its  periphery  26  to  the  cy- 
linder  22.  A  combined  test  and  reference  element  in- 

10  eludes  a  substantially  U-shaped  portion  having  par- 
allel  legs  32,  34,  with  leg  34  extending  integrally 
through  the  header24  to  form  a  reference  element  36. 
Header  disk  24  is  formed  with  a  pair  of  apertures  for 
reception  of  the  test  element  legs  32,  34.  The  aper- 

15  tures  are  considerably  larger  than  the  diameter  of  the 
test  element  tubes  and  the  space  between  the  walls 
of  the  header  disk  apertures  and  the  tubes  which  ex- 
tend  therethrough  is  filled  with  a  fused  glass  or  other 
sealing  material  38  which  both  electrically  insulates 

20  the  test  and  reference  elements  and  hermetically 
seals  the  interior  of  cylinder  22. 

In  the  illustrated  embodiment,  the  test  and  refer- 
ence  elements  are  formed  from  a  single  unitary 
length  of  thin  wall  tubing  which  includes  a  high  resis- 

25  tivity  electrically  conductive  substrate  and  test  and 
reference  coatings  electroplated  directly  thereon  as 
will  be  more  particularly  described  below. 

For  use  in  measurement  of  resistance  of  the  sen- 
sor,  terminals  A  and  F,  which  are  mounted  within  the 

30  connector  portion  18,  are  connected  by  insulated 
electrical  leads  to  points  40,  and  42  respectively  on 
the  respective  ends  of  the  integral  tubular  element. 
Terminal  B  is  also  connected  to  one  end  of  the  tubular 
test  element  at  a  point  44  adjacent  point  40.  Terminal 

35  C  is  connected  at  point  48  adjacent  the  header  disk 
to  an  end  of  the  reference  element  and  to  one  end  of 
the  test  element.  Terminal  D  is  connected  to  the  end 
of  the  reference  element  at  point  50,  adjacent  point 
42.  Leads  A  and  F  are  connected  to  a  source  of  alter- 

40  nating  current  (not  shown)  providing  a  relatively  small 
energizing  current  flowing  through  both  test  and  ref- 
erence  elements.  The  measurement  of  resistance  of 
the  test  element  32,  34  is  made  between  points  44 
and  48,  terminals  B  and  C,  and  measurement  of  the 

45  resistance  of  the  reference  element  is  made  between 
points  48  and  50,  between  terminals  C  and  D.  The 
measurement  of  corrosion  involves  calculation  of  the 
ratio  of  resistance  of  the  test  element  to  measured  re- 
sistance  of  the  reference  element.  The  latter  is  pro- 

50  tected  from  the  environment  whereas  the  test  ele- 
ment  is  exposed  to  the  environment.  As  the  test  ele- 
ment  corrodes,  its  thickness  decreases  and  its  resis- 
tance  increases,  whereas  the  protected  reference 
element  maintains  a  fixed  resistance  except  for  tem- 

55  perature  fluctuations.  As  well  known,  both  resistance 
measurements  are  subject  to  fluctuation  with  varying 
temperature.  Preferably,  the  reference  and  test  ele- 
ments  have  the  same  temperature  coefficient  of  re- 

3 
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sistance  (as  by  making  the  two  elements  integral  or 
of  the  same  material)  and  experience  the  same  vari- 
ation  in  resistance  with  temperature  changes.  There- 
fore,  that  portion  of  the  measured  variation  in  resis- 
tance  of  the  test  element  which  is  due  to  variation  in 
temperature  is  eliminated  from  the  measurement  by 
use  of  the  ratio  of  test  element  resistance  to  reference 
element  resistance. 

Corrosion  monitoring  probes  presently  in  use, 
with  configurations  exemplified  by  the  illustrations  of 
Figs.  1  and  2,  have  employed  various  types  of  sens- 
ing  elements.  For  example,  the  elements  of  sensor  30 
of  Figs.  1  and  2  may  take  the  form  ofa  loop  of  thin  wall 
tubing  formed  ofa  metal  which  is  preferably  the  same 
material  as  the  walls  of  the  pipe  or  container  in  which 
corrosion  is  to  be  monitored.  Wall  thickness  of  such 
thin-walled  tubing  is  usually  lOO^m  (4  mils)  or  great- 
er,  for  structural  integrity.  Alternate  configurations  of 
such  sensors  include  loops  of  solid  wire,  loops  of  flat 
metal  strip  or  straight-walled,  hollow  cylinders  having 
a  relatively  thin  lOO^m  (4  mils)  or  more)  sensitive 
metal  disk  closing  the  end  of  the  cylinder.  These  are 
configurations  well  known  in  the  art  and  are  shown, 
for  example  in  US-A-4,338,563  and  US-A-4,514,681. 
The  loops  or  cylinder  are  exposed  to  the  corrosive  en- 
vironment  and  may  include  an  integral  reference  ele- 
ment  such  as  reference  element  36  of  Fig.  2  mounted 
within  the  probe  body  and  protected  from  the  environ- 
ment  as  previously  described. 

A  major  shortcoming  of  such  probes  is  the  rela- 
tive  lack  of  sensitivity  to  low  corrosion  rates,  in  the  or- 
der  of  less  than  50nm  (2  mils)  per  year  (MPY).  Be- 
cause  of  flow  rates,  pressures  and  temperatures  to 
which  the  test  elements  are  exposed,  they  must  have 
substantial  physical  structure  and  accordingly,  in  the 
past,  have  been  required  to  be  in  the  order  of  lOO^m 
(4  mils)  or  more  in  thickness.  Application  of  a  thin 
coating  of  sensing  metal  to  a  thicker,  more  structur- 
ally  self-supporting  dielectric  substrate  is  difficult  and 
exceedingly  costly.  Various  types  of  available  meth- 
ods  for  applying  thin  coats  to  nonconductive  sub- 
strates  are  more  difficult  to  accomplish  and  may  pro- 
vide  measurement  instruments  which  are  unsatisfac- 
tory  in  many  respects.  Such  methods  as  vapour  de- 
position,  spraying  and  electroless  plating  are  not  sat- 
isfactory  and  have  not  been  used  in  the  industry. 

In  accordance  with  certain  features  of  the  present 
invention,  the  sensing  element  of  the  sensor  is  made 
of  a  thin  layer  of  the  sensing  metal  of  interest  that  is 
deposited  by  electroplating  directly  upon  a  substrate 
that  is  made  of  metal  or  other  electrically  conductive 
material.  As  an  example,  a  sensor  of  the  general  con- 
figuration  described  above  may  be  formed  of  a  thin 
layer  of  copper  that  is  deposited  by  electroplating  di- 
rectly  upon  a  316  stainless  steel  loop  of  tubing  having 
a  wall  thickness  of  lOO^m  (4  mils).  The  choice  of  ma- 
terial  for  substrate  and  plating  is  important  from  the 
standpoint  of  relative  resistivities.  If  the  plated  coating 

is  to  be  very  thin,  as  is  required  for  high  sensitivity 
measurement,  and  if  the  substrate  must  be  relatively 
thick  in  order  to  provide  the  physical  support  for  the 
electroplated  coating,  it  is  necessary  that  the  resistiv- 

5  ity  of  the  substrate  be  significantly  greater  than  the 
resistivity  of  the  plating.  Thus,  the  combination  of 
copper  deposited  by  electroplating  on  316  stainless 
steel  is  feasible  because  the  intrinsic  resistivity  of  316 
stainless  steel,  which  is  about  74  microhm-centime- 

10  tres,  is  approximately  43  times  the  intrinsic  resistivity 
of  copper,  which  is  about  1.73  microhm-centimetres. 
With  these  materials  and  relative  resistivities,  the 
plated  copper  coating  may  be  about  2.5nm  (0.1  mil) 
in  thickness  on  a  lOO^m  (4  mil)  thick  stainless  steel 

15  substrate.  In  other  words,  a  range  or  relation  of  resis- 
tivities  is  chosen  to  give  a  desired  range  of  relative 
thickness  of  plating  and  substrate.  In  the  example  ini- 
tially  given  here,  the  ratio  of  resistivity  of  substrate  to 
the  resistivity  of  plated  coating  is  nearly  43  to  1  which 

20  is  substantially  the  same  as  the  ratio  (40  to  1)  of  sub- 
strate  thickness  to  thickness  of  the  plated  coating.  It 
has  been  found  that  a  ratio  of  resistivities  of  substrate 
to  test  coating  in  the  range  of  about  7  to  46  is  impor- 
tantfor  production  of  accurate  results  in  application  of 

25  the  described  sensor  for  high  sensitivity  measure- 
ments. 

Fig.  3  illustrates  a  sensor  of  the  type  shown  in 
Figs.  1  and  2,  fabricated  in  accordance  with  principles 
of  the  present  invention.  Only  a  portion  of  the  probe 

30  is  shown  in  Fig.  3.  A  loop  30a,  having  legs  32a,  34a, 
extends  through  apertures  in  a  header  disk  24a,  be- 
ing  insulated  therefrom  and  sealed  thereto  by  fused 
glass  as  previously  described.  Leg  34a  includes  an  in- 
tegral  reference  element  portion  36a  on  the  other  (in- 

35  ner)  side  of  the  header  disk  and  the  test  and  reference 
elements  are  connected  to  terminals  A,  B,  C,  D  and 
F  by  suitable  electric  leads  just  as  previously  descri- 
bed.  In  this  arrangement,  the  entire  sensing  element, 
both  test  element  and  reference  element,  is  made  of 

40  a  single  loop  of  tubing  just  as  previously  described. 
However  in  an  exemplary  embodiment,  the  tubing  is 
made  of  316  stainless  steel  having  a  lOO^m  (4  mil) 
wall  thickness  and  directly  upon  the  tubing  is  electro- 
plated  a  coating  of  copper  31a  to  a  desired  test  ele- 

45  ment  thickness  such  as,  for  example,  2.5nm  (0,1 
mils).  In  the  fabrication  of  the  sensor  illustrated  in  Fig. 
3,  the  stainless  steel  tubing  substrate  is  inserted  in 
the  holes  in  disk  24a.  Then  the  fused,  hermetic  insu- 
lation  and  seal  is  made  by  fusing  the  glass  material 

so  of  the  seal  at  a  relatively  high  temperature.  After  the 
sealing  and  fusion,  the  entire  subassembly  is  electro- 
plated  to  the  desired  thickness  with  test  material  31a 
of  interest,  resulting  in  a  cross-section  of  plated  sen- 
sor  as  illustrated  in  Fig.  4.  The  entire  exterior  surface 

55  of  the  test  and  reference  element  substrates  are  plat- 
ed.  It  is  important  that  the  sealing  be  performed  prior 
to  the  electroplating  because  the  high  temperature 
required  for  fusion  of  the  hermetic  seal  otherwise 

4 
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may  oxidize  the  plating.  Thereafter,  the  sensor  ele- 
ment  and  disk  24a  are  mounted  in  the  tubular  probe 
body  as  shown  in  Fig.  2  and  the  periphery  of  the  disk 
is  welded  to  the  probe  body.  Care  is  taken  in  the  weld- 
ing  of  the  disk  to  the  probe  body  to  minimize  heat 
transfer  to  the  plated  sensor  element  because  exces- 
sive  heat  could  compromise  desired  qualities  of  the 
plated  coating.  The  plated  coating  does  not  cover  the 
very  small  fused  glass  seal  area,  which  is  not  electri- 
cally  conductive,  so  as  to  maintain  the  electrical  iso- 
lation  of  the  sensing  element  from  the  header  disk 
24a. 

Illustrated  in  Fig.  5  is  an  alternative  configuration 
ofa  plated  sensor.  In  this  arrangement,  a  single  inte- 
gral  loop  of  tubing,  such  as  316  stainless  steel  tubing, 
is  formed  with  a  test  loop  portion  30b  and  an  integral 
reference  portion  36b  with  the  legs  of  the  test  loop  ex- 
tending  through  a  header  disk  24b  as  previously  de- 
scribed.  The  material  of  the  reference  substrate  36b, 
is  the  same  as  the  material  of  the  substrate  of  the  test 
loop  30b. 

In  this  arrangement,  only  the  test  loop  of  portion 
30b  is  electroplated  with  a  coating  31b.  Reference 
element  substrate  36b  is  not  coated.  In  order  to  pro- 
vide  the  reference  with  the  same  temperature  resis- 
tance  characteristics  as  the  test  element,  a  reference 
wire  35b  is  connected  to  points  48  and  50  of  the  ref- 
erence  substrate,  at  which  points  the  reference  resis- 
tance  measurement  leads  C  and  D  are  connected. 
The  reference  wire  35b  is  made  of  the  same  material, 
such  as  copper  for  example,  with  which  the  test  ele- 
ment  30b  is  coated  and  is  made  of  such  a  diameter 
as  to  provide  reference  wire  35b  with  a  resistance 
equal  to  the  resistance  of  the  plated  coating  31b  on 
the  test  element  substrate.  In  many  applications  (par- 
ticularly  in  corrosion  sensing,  where  temperature  of 
the  monitored  fluid  may  vary  widely)  it  is  important 
that  the  resistance  of  the  reference  element,  which 
varies  with  temperature,  change  with  variations  in 
temperature  in  the  same  manner  as  does  the  resis- 
tance  of  the  test  element.  By  using  the  same  two  ma- 
terials  (e.g.,  copper  and  316  stainless  steel)  on  the 
reference  element  as  are  used  on  the  test  element, 
the  net  temperature  coefficients  of  resistance  of  the 
reference  and  test  elements  are  made  equal  to  one 
another. 

Where  each  element,  the  test  element  and  the 
reference  element,  is  made  of  two  separate  materials, 
the  measurement  of  resistance  of  each  is  effectively 
the  measurement  of  the  resistances  of  the  individual 
substrate  and  individual  coating,  connected  in  paral- 
lel.  Thus,  a  single  measurement  between  terminals  B 
and  C  is  made  of  the  resistance  of  the  test  element 
substrate  in  parallel  with  the  resistance  of  the  test  ele- 
ment  coating  31  b  between  these  terminals.  Similarly, 
a  measurement  taken  between  terminals  C  and  D  is 
a  measurement  of  the  resistance  of  reference  ele- 
ment  substrate  36b  in  parallel  circuit  with  resistance 

of  reference  wire  35b. 
An  advantage  of  the  arrangement  of  Fig.  5  re- 

sides  in  the  fact  that  the  probe  sensing  elements  may 
be  assembled  to  the  probe  body  without  fear  of  dam- 

5  age  to  the  plated  coating.  The  disk  24b  may  be  weld- 
ed  to  the  probe  body,  as  previously  described  in  con- 
nection  with  the  welding  of  disk  24b  to  probe  body  22, 
before  electroplating  the  test  coating  upon  the  test 
element  substrate.  Plating  takes  place  after  the  head- 

10  er  disk  is  welded  to  the  body.  Thus,  the  reference  ele- 
ment  may  be  completely  fabricated  to  include  both  the 
electrically  conductive  substrate  36b  and  the  refer- 
ence  wire  35b,  with  the  header  disk  24b  being  entirely 
welded  to  the  probe  body.  Thereafter,  the  electroplat- 

15  ing  of  the  test  element  substrate  to  deposit  coating 
31b  may  be  carried  out,  thus  avoiding  detrimental  ef- 
fects  on  the  test  element  plating  of  the  heat  of  the 
welding  procedure. 

In  those  situations  where  the  temperature  coef- 
20  f  icients  of  resistance  of  test  element  substrate  and 

coating  are  the  same,  only  the  test  element  need  be 
electrically  plated  with  a  thin  coating  upon  the  elec- 
trically  conductive  substrate,  but  no  coating  nor  addi- 
tional  reference  element  comparable  to  wire  35b  in 

25  Fig.  5  need  be  employed  with  the  reference  element 
substrate  36b.  In  such  a  situation  (e.g.,  same  temper- 
ture  coefficients  of  resistance  of  test  substrate  and 
test  coating),  the  position  of  the  point  50  at  which  ter- 
minal  D  is  connected,  is  simply  adjusted  to  insure  that 

30  the  reference  element,  which  in  this  case  comprises 
solely  an  uncoated  electrically  conductive  substrate 
(such  as  316  stainless  steel)  has  the  same  resis- 
tance,  at  the  start  of  probe  life,  as  the  combined  par- 
allel  resistance  of  the  same  substrate  (integral  with 

35  substrate  36b)  and  its  electroplated  coating  31b. 
Use  of  materials  having  widely  different  thermal 

coefficients  of  resistance  for  corrosion  measurement 
makes  it  difficult  to  compensate  for  changes  in  tem- 
perature.  For  example,  graphite  has  a  negative  tem- 

40  perature  coefficient  of  resistance  while  nearly  all 
metals  have  positive  temperature  coefficients  of  re- 
sistance.  Thus,  the  difficulty  of  compensating  for 
temperature  variations  and  the  errors  induced  by 
such  temperature  variations  may  outweigh  any  in- 

45  creased  sensitivity  achieved  through  the  use  of 
graphite  as  a  substrate  or  part  of  a  substrate.  The 
substrate  preferred  at  present  for  the  practice  of  this 
invention  is  formed  of  a  material  that  is  substantially 
uniform  throughout  its  thickness,  as  distinguished 

so  from  layered  or  coated  substrates  which  are  more  dif- 
ficult  and  costly  to  fabricate. 

The  configurations  described  above  have  a  num- 
ber  of  advantages  when  employed  as  sensors  in  cor- 
rosion  monitoring.  The  electroplating  process  may  be 

55  employed  to  fabricate  sensors  of  many  desired  mate- 
rials  such  as  copper,  silver,  zinc,  platinum,  nickel  and 
like  materials  which  all  have  relatively  low  resistivities 
and  all  of  which  can  be  plated  directly  upon  an  elec- 

5 
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trically  conductive  substrate  of  high  resistivity  such 
as  the  31  6  stainless  steel  or  other  high  resistivity  elec- 
trically  conductive  substrates. 

Sensors  fabricated  by  this  process  can  readily  be 
refurbished  by  removal  of  the  remainder  of  the  plated 
coating  and  replating  to  the  desired  thickness,  as  long 
as  the  substrate  material  has  not  been  damaged. 
Thus,  the  probe  is  readily  repairable,  particularly 
where  the  choice  of  a  substrate  is  stainless  steel.  The 
sensor,  at  the  end  of  its  life,  can  readily  be  cleaned 
by  immersion  in  nitric  acid  where  the  plating  is  silver, 
copper  or  nickel  or  by  immersion  in  a  solution  of  nitric 
acid  and  hydrochloric  acid  where  the  plating  is  gold. 
The  stainless  steel  substrate  is  resistant  to  these  acid 
cleaning  solutions  and  thus  the  refurbishing  is  a  sim- 
ple  matter. 

Electroplated  coatings  on  the  substrate  may  be 
fabricated  in  any  thickness  greater  than  the  thickness 
where  resistance  of  the  plated  coating  is  equal  to  the 
resistance  of  the  substrate.  Coating  resistance 
(which  increases  as  corrosion  progresses)  should  not 
be  more  than  substrate  resistance  at  the  start  of  cor- 
rosion  sensor  life.  This  limitation  is  caused  by  circuit 
design  constraints  and  scaling  of  the  instrument  em- 
ployed  for  measurement  of  test  and  reference  resis- 
tances.  If  coating  resistance  is  greater  than  substrate 
resistance  at  the  start  of  probe  life,  the  dynamic  range 
of  the  measuring  instrument  is  decreased.  Because 
of  such  constraints,  the  ratio  of  the  test  element  re- 
sistance  (the  parallel  combination  of  substrate  and 
electroplated  coating  resistances)  to  the  reference 
element  resistance  (parallel  combination  of  substrate 
and  coating  resistance),  as  a  practical  matter,  can 
range  from  1  at  the  beginning  of  the  life  of  a  sensor 
to  2  at  the  end  of  life.  This  is  for  the  corrosion  sensor, 
which  measures  loss  of  metal  due  to  corrosion  or  ero- 
sion  by  the  environment  being  monitored.  This  instru- 
ment  is  constrained  for  optimum  measurement  within 
the  range  of  ratios  of  test  to  reference  element  resis- 
tances  of  from  one  to  two  primarily  in  order  to  provide 
high  resolution.  Other  instruments  may  be  made  that 
would  permit  measurement  within  other  ranges  of  ra- 
tios  of  test  to  reference  element  resistances  which  ra- 
tios  may  be  as  much  as  one  to  ten.  Making  an  instru- 
ment  to  provide  such  higher  ratio  (e.g.,  up  to  ten  at  the 
end  of  life)  will  provide  larger  measuring  ranges  but 
at  the  cost  of  resolution  which  becomes  poorer  as 
measuring  range  increases.  Furthermore,  resistance 
of  the  test  element  coating  must  not  be  significantly 
less  than  resistance  of  the  substrate  if  rapidly  degrad- 
ed  measurement  resolution  is  to  be  avoided. 

Typical  substrate  materials  useful  in  practice  of 
the  present  invention  have  electrical  resistivities  in 
the  range  of  about  74  microhm-centimeters  for  the 
300  series  of  stainless  steels,  and  up  to  98  microhm- 
centimeters  for  nitronic  60,  whereas  resistivities  of 
typical  plating  materials  to  be  used  for  test  coatings 
range  from  about  1.629  for  silver  to  10  for  platinum 

and  7.8  for  nickel. 
In  the  more  important  materials  that  may  be  em- 

ployed  in  practice  of  the  present  invention,  such  as, 
for  example,  silver,  copper,  gold,  nickel  or  platinum 

5  plated  upon  a  stainless  steel  substrate,  the  range  of 
the  ratio  of  substrate  resistivity  to  test  material  plating 
resistivity  is  in  the  order  of  about  7  to  46.  Material  se- 
lected  to  provide  ratios  of  resistivities  in  this  range 
therefore  will  enable  ratios  of  thickness  of  plated  coat- 

10  ing  to  thickness  of  substrate  to  also  be  in  the  range 
of  about  7  to  46.  Sensors  of  higher  sensitivity  will  em- 
ploy  materials  lying  in  the  upper  end  of  this  range,  as 
for  example,  copper  electroplated  on  stainless  steel 
which  actually  provides  a  resistivity  ratio  of  about 

15  42.8. 
As  previously  mentioned,  thermal  coefficients  of 

resistance  must  be  considered  in  selection  of  the  ma- 
terials.  Such  coefficients  of  various  plated  materials 
range  from  about  0.003  ohms  per  ohm  per  degree 

20  centigrade  to  0.006  ohms  per  ohm  per  degree  centi- 
grade.  Thermal  coefficients  of  resistance  of  certain 
substrate  materials  are  lower,  but  for  corrosion  mon- 
itoring  must  be  reasonably  close  to  the  thermal  coef- 
ficient  of  resistivity  of  the  plating.  For  high  sensitivity 

25  corrosion  measurement,  it  has  been  found  that  the  ra- 
tio  of  thermal  coefficient  of  resistances  of  the  sub- 
strate  and  plated  material  should  be  in  the  range  of 
about  0.8  to  1.2.  In  use  of  the  described  sensor  for 
monitoring  of  electrolytic  plating  as  will  be  discussed 

30  below,  a  considerably  wider  variation  of  thermal  coef- 
ficients  of  resistance  of  plated  material  and  sub- 
strates  is  acceptable  because  dynamic  temperature 
ranges  in  such  plating  application  are  much  narrower. 

35  Electroplating 

The  concepts  applied  in  the  manufacture  and  use 
of  corrosion  sensors  of  the  type  described  above  are 
also  applicable  to  the  monitoring  of  common  electro- 

40  plating  processes.  Although  methods  have  been  de- 
veloped  for  the  monitoring  of  electroless  plating  as 
shown  for  example  in  U.S.  patents  4,477,484  and 
4,479,980,  such  electrical  resistance  methods  as 
have  been  previously  known  are  not  capable  of  use 

45  for  monitoring  of  electroplating.  It  has  been  found  that 
currents  existing  in  the  electrolytic  bath,  e.g.,  the  plat- 
ing  current,  are  caused  to  flow  through  the  sensing 
element  of  prior  devices  and  produce  noise  (to  the  re- 
sistance  measurement  circuit)  of  such  magnitude  as 

so  to  substantially  mask  the  desired  resistance  measur- 
ing  signal.  Presently  employed  methods  for  monitor- 
ing  of  electrolytic  plating  include  empirical  measure- 
ments,  the  use  of  a  test  coupon  which  is  removed 
from  the  plating  bath  and  weighed.  Other  arrange- 

55  ments  for  measuring  electrolytic  plating  also  fail  to 
provide  a  real  time  or  ongoing  plating  measurement 
that  indicates  the  thickness  of  plating  as  it  occurs. 

According  to  another  feature  of  the  present  in- 
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vention,  the  concepts  of  the  sensor  described  above 
are  readily  adapted  to  continuous,  precision,  and  high 
sensitivity  monitoring  of  electroplating  by  an  arrange- 
ment  that  substantially  eliminates  or  minimizes  the 
electrolytic  bath  induced  noise  in  the  measuring  cir- 
cuit. 

Illustrated  in  Fig.  6  is  a  simplified  schematic  dia- 
gram  of  an  electrical  resistance  sensor  of  the  type  de- 
scribed  in  connection  with  Figs.  1  through  4.  This  sen- 
sor  is  the  same  as  the  sensor  described  above  except 
for  the  addition  ofa  center  tap  on  the  test  element  and 
other  constraints  on  ratios  of  resistivities  as  will  be 
described  below.  In  this  figure,  resistor  51  indicates 
the  test  resistance,  resistor  52  the  reference  resis- 
tance  and  resistors  54  and  56  portions  of  the  sensor 
element  between  the  AC  excitation  terminals  A  and  F 
and  the  measurement  terminals  B  and  D,  respective- 
ly.  In  effect,  the  circuit  is  a  simple  series  circuit  of  the 
four  resistors  all  connected  in  end-to-end  relation  to 
one  another  and  to  the  AC  excitation  terminals  A  and 
F.  In  accordance  with  a  feature  of  the  present  inven- 
tion,  the  described  sensor  may  be  employed  for  mon- 
itoring  of  electroplating  by  connecting  the  sensor  in 
such  a  fashion  as  to  decrease  net  noise  currents  gen- 
erated  in  the  test  element  by  the  electroplating  cur- 
rent.  To  this  end,  the  test  element  51  is  connected  to 
the  plating  power  supply  via  a  terminal  N  which  is  con- 
nected  to  a  mid  point  of  the  test  element  51  . 

An  electrolytic  plating  operation  set  up  to  employ 
the  monitoring  sensor  described  in  connection  with 
Fig.  6  is  illustrated  in  Fig.  7.  As  shown  schematically 
in  this  figure,  an  object  58  that  is  to  be  plated,  is  im- 
mersed  in  an  electrolytic  bath  60  confined  in  a  tank 
62  in  which  is  also  mounted  an  anode  64.  ADC  source 
of  plating  voltage  66  has  one  terminal,  such  as  its 
negative  terminal  68,  connected  via  a  lead  70  to  the 
object  58  that  is  to  be  plated.  The  other  terminal,  the 
positive  terminal  72  of  voltage  source  66,  is  connect- 
ed  via  a  lead  74  to  the  anode  64.  A  sensor,  generally 
indicated  at  82,  constructed  substantially  as  descri- 
bed  in  connection  with  Figs.  1,  2,  3  and  4  is  mounted 
so  as  to  have  its  loop  test  element  86  immersed  within 
the  bath,  preferably  at  a  position  close  to  the  object 
58.  Test  element  86,  as  previously  described,  may  in- 
clude  a  loop  of  thin-walled  tubing,  a  loop  of  solid  wire 
or  a  strip  loop  or  a  cylindrical  test  element.  Test  ele- 
ment  86  is  the  previously  described  conductive,  high 
resistivity  substrate  (such  as  316  stainless  steel,  for 
example)  that  may  or  may  not  initially  have  an  elec- 
troplated  coating.  To  a  mid  point  of  this  test  element 
86,  that  is,  to  a  point  electrically  equidistant  from  the 
points  44,  48  of  the  test  element  at  which  the  resis- 
tance  measurement  is  made,  namely  the  points  to 
which  terminals  B  and  C  are  connected  (see  Figs.  2, 
3,  5,  6,  7),  is  connected  a  center  tap  wire  88.  Wire  88 
is  electrically  insulated  from  the  bath  except  at  the 
very  point  of  its  center  tap  connection  to  the  test  ele- 
ment  and  connected  either  directly  or  indirectly,  via 

lead  70,  to  the  plating  voltage  source  66  negative  ter- 
minal  68  to  which  the  object  58  is  also  connected.  The 
sensor  82  includes,  as  previously  described,  a  plural- 
ity  of  output  wires  generally  indicated  at  90,  which  are 

5  connected  to  the  previously  described  terminals  A,  B, 
C,  D  and  F,  which  in  turn  are  connected  to  a  measur- 
ing  instrument  94  that  will  measure  and  display  the 
thickness  of  the  electroplated  coating.  An  additional 
terminal  (not  shown  in  Fig.  7)  may  be  provided  for  con- 

10  nection  of  center  tap  88  to  the  plating  power  source. 
In  the  absence  of  the  connection  of  lead  88  to  an 

electrically  centered  point  of  test  element  86  (e.g., 
with  a  plating  current  lead  connected  to  an  end  of  the 
test  element,  for  example),  current  flowing  in  the  elec- 

15  trolytic  bath,  including  the  current  carrying  charged 
particles  involved  in  the  plating  process  itself,  is 
caused  to  flow  in  the  test  element  86.  This  current,  in- 
duced  by  the  bath  in  the  test  element  throughout  the 
entire  area  of  test  element  that  is  exposed  to  the  bath, 

20  is  significantly  greater  than  the  relatively  small  ener- 
gizing  current  for  resistance  measurement  that  flows 
through  the  test  element  via  the  energizing  terminals 
A  and  F.  The  current  in  the  bath,  which  is  the  plating 
current  that  is  effective  in  causing  plating  of  the  test 

25  element,  is  unwanted  noise  in  the  resistance  measur- 
ing  circuit.  Thus,  any  measurement  of  voltage  be- 
tween  terminals  B  and  C,  in  the  absence  of  the  noise 
reducing  connection  to  the  center  tap  terminal  N,  will 
be  greatly  affected  by  the  large  plating  current  flow- 

30  ing  in  the  bath.  The  plating  current  is  so  great  as  to 
completely  override  a  variation  in  voltage  between 
terminals  B  and  C  that  is  due  only  to  change  in  thick- 
ness  of  the  test  element.  However,  with  the  lead  88 
connected  to  the  mid  point  of  the  test  element  86,  the 

35  plating  current  in  the  test  element  86  is  formed  by  bal- 
anced  (equal)  components  that  flow  in  opposite  direc- 
tions  through  the  test  element  from  the  element  ends 
to  the  center  tap  88  and  then  to  the  plating  power 
source,  thereby  cancelling  the  adverse  effect  of  the 

40  plating  current  upon  the  resistance  measurement. 
The  circuit  for  the  plating  current  is  completed  through 
the  power  source,  from  the  other  terminal  72  of  the 
power  source  through  plating  anode  64,  and  thence 
through  the  electrolytic  bath  60  itself  to  the  test  ele- 

45  ment  86.  Thus,  the  bath  induced  current  in  the  test 
element  flows  in  equal  and  opposite  components  to 
the  center  tap.  The  described  location  of  the  center 
tap  connection  for  the  plating  current  has  no  adverse 
effect  on  plating  of  the  test  element,  but  the  balanced 

so  current  components  effectively  (insofar  as  resistance 
measurement  is  concerned)  cancel  each  other  as 
they  flow  in  opposite  directions  through  the  two 
halves  of  the  test  element.  Accordingly  the  resistance 
of  the  test  element  may  be  readily  measured  on  the 

55  basis  of  the  relatively  small  voltage  produced  by  the 
exciting  source  connected  to  terminals  A,  F  of  the 
sensor. 

The  center  tap  performs  two  functions.  First,  it 
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connects  the  sensor  in  the  plating  circuit,  by  connect- 
ing  the  test  element  to  the  object  to  be  plated,  or  di- 
rectly  to  the  plating  power  source.  Second,  it  reduces 
voltage  induced  in  the  test  element  by  the  plating  cur- 
rent  sufficiently  to  enable  measurement  of  test  ele- 
ment  resistance.  Thus,  the  center  tap  causes  a  bal- 
anced  plating  current  (balanced  as  seen  by  the  resis- 
tance  measuring  circuit)  to  flow  in  the  substrate. 

Instead  of  connecting  the  center  tap  to  the  same 
power  supply  used  forthe  plating,  it  can  be  connected 
to  a  different,  separate  power  source  (which  is  also 
connected  to  the  plating  anode  64,  or  an  equivalent 
immersed  electrode)  having  equivalent  characteris- 
tics  chosen  to  ensure  the  same  voltage,  current  and 
current  density  as  are  afforded  by  the  plating  power 
source. 

In  a  system  for  electroplating  objects,  particularly 
in  a  system  having  a  large  tank  in  which  a  number  of 
objects  are  placed,  plating  of  the  objects  may  vary 
from  place  to  place  in  the  bath  because  of  differences 
in  current  densities  and  differences  in  bath  character- 
istics  from  point  to  point  within  the  bath.  Thus,  it  is 
contemplated  that  one  or  a  plurality  of  the  described 
sensors,  each  with  its  plating  current  balancing  cen- 
ter  tap,  will  be  placed  at  several  different  points  within 
the  bath  to  provide  more  detailed  real  time  informa- 
tion  of  plating  progress  in  different  localized  areas  of 
the  bath. 

Illustrated  in  Fig.  8  is  an  enlarged  fragmentary 
sectional  view  of  the  end  of  the  sensor  82  of  Fig.  7. 
This  sensor  may  be  identical  to  the  sensor  illustrated 
in  Fig.  2  and  described  above,  except  for  the  inclusion 
of  the  noise  suppressing  lead  88  which  conducts  plat- 
ing  current  between  the  power  source  and  the  test 
element.  Thus,  as  previously  described,  tubular  test 
element  130  is  mounted  in  a  sensor  body  112  being 
formed  of  a  tubular  cylinder  122  having  a  header  disk 
124  welded  at  its  periphery  126  to  the  cylinder  122. 
A  combined  reference  and  test  element  includes  the 
substantially  U-shaped  portion  130  having  parallel 
legs  132,  134  with  leg  134  extending  integrally 
through  the  header  124  to  form  a  reference  element 
136.  Header  disk  124  is  formed  with  a  pair  of  aper- 
tures  for  reception  of  test  element  legs  1  32,  1  34,  with 
space  between  the  apertures  and  the  tube  legs  132, 
1  34  being  filled  with  a  suitable,  nonconductive  and  in- 
sulating  epoxy.  A  fused  glass  sealing  material  is  not 
required  for  a  plating  sensor  which  is  not  subject  to  the 
intense  heat  and  pressure  of  the  corrosive  environ- 
ment  in  which  the  corrosion  sensor  is  employed. 
Therefore,  the  sealing  material  may  be  modified  ac- 
cordingly. 

Noise  suppressing  lead  88  is  formed  ofa  relative- 
ly  large  cross-section  wire  to  handle  the  relatively 
large  plating  currents  involved  and  is  coated  with  a 
suitable  insulation  such  as  Teflon®  except  at  its  end 
89  where  it  is  welded  to  a  region  that  is  precisely  at 
the  electrical  mid  point  of  the  test  element  132,  134. 

The  noise  suppressing  lead  extends  through  a  third 
centrally  located  aperture  in  the  header  disk  124  and 
is  sealed  thereto  by  means  of  a  suitable  epoxy  139. 
The  noise  suppressing  lead  88  is  connected  via  a  lead 

5  88a  within  the  interior  of  cylinder122  to  the  connector 
portion  118,  by  means  of  which  this  lead  is  connected 
to  the  plating  voltage  source  66  as  previously  descri- 
bed.  The  other  measuring  leads  connected  to  the  test 
and  reference  elements  at  points  140,  142,  144,  148 

10  and  150  are  connected  to  the  test  and  reference  ele- 
ments  just  as  previously  described  for  the  sensor  il- 
lustrated  in  Fig.  2. 

It  will  be  readily  understood  that  the  center  tap- 
ped  test  element  sensor  of  Fig.  8  is  merely  exemplary 

15  of  the  presently  preferred  configuration  that  is  descri- 
bed  herein.  Other  sensor  configurations  may  be  em- 
ployed  as  deemed  necessary  or  desirable. 

Illustrated  in  Fig.  9  is  a  simplified  schematic  cir- 
cuit  ofa  modification  of  the  sensor,  showing  an  alter- 

20  native  form  of  measurement  noise  suppression.  In 
this  schematic  circuit,  resistors  51,  52,  54  and  56  are 
exactly  as  previously  described  and  connected  as 
previously  described  except  for  the  omission  of  the 
center  tap  lead  88.  In  place  of  center  tap  lead  88  of 

25  Fig.  6,  the  arrangement  of  Fig.  9  provides  first  and 
second  noise  suppressing  leads  100  and  102  con- 
nected  to  respective  end  points  of  the  test  resistor  51 
(e.g.,  to  the  stainless  steel  test  element  substrate). 
These  leads  100,  102  may  be  connected  substantially 

30  to  the  same  points  on  the  test  element  as  are  the  ter- 
minals  B  and  C  and  thus  if  desired,  may  be  connected 
to  the  test  element  substrate  and  run  inside  the  sen- 
sor  body  122. 

The  two  leads  100,  102  are  connected  together 
35  at  a  common  point  104  which  in  turn  is  connected 

either  directly  to  the  negative  terminal  of  the  DC  pow- 
er  plating  voltage  source  66  just  as  previously  descri- 
bed  in  connection  with  the  center  tap  lead  88,  or  may 
be  connected  to  such  terminal  via  a  small  auxiliary 

40  voltage  boosting  source  106  for  purposes  to  be  de- 
scribed  below.  Connected  in  series  in  each  of  the 
noise  suppressing  leads  1  00  and  1  02,  are  a  diode  1  08 
and  a  variable  resistor  110  for  one  lead  and  a  diode 
112  and  a  variable  resistor  114  for  the  other  lead.  Al- 

45  though  the  leads  100  and  102  are  shown  connected 
to  the  end  portions  of  sensor  test  resistor  51,  they 
may  also  be  connected  to  other  points  of  this  resistor, 
such  as  for  example,  points  equally  spaced  from  the 
resistor  ends  and  from  each  other.  Preferably,  but  not 

so  necessarily,  the  connection  is  such  that  the  leads  1  00 
and  102  are  symmetrically  connected  to  the  test  re- 
sistor  51  so  as  to  provide  equal  and  opposite  plating 
current  paths  through  the  test  resistor  51  and  through 
the  two  leads  100  and  102.  Some  unbalance  of  cur- 

55  rent  components  can  be  adjusted  out  by  the  variable 
resistors. 

With  connection  of  the  leads  100  and  102  as 
shown,  plating  current  generated  by  the  bath  in  the 

8 
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test  resistor  51  flows  in  equal  and  opposite  compo- 
nents  through  the  resistor  51  to  its  opposite  ends  and 
thence  in  equal  current  components  through  each  of 
the  leads  100  and  102  to  the  negative  terminal  of  the 
power  source  (assuming  for  the  moment  the  absence 
of  auxiliary  power  source  106).  Diodes  108  and  112 
are  inserted  in  the  leads  to  block  the  AC  energizing 
current  from  the  measuring  source  applied  via  termi- 
nals  A  and  F,  to  insure  that  the  AC  measuring  current 
is  not  shorted  out  by  the  leads  100,  102.  Variable  re- 
sistors  110,  114  are  inserted  in  the  leads  100,  102  in 
order  to  enable  precision  balancing  of  the  two  current 
components  thereby  insuring,  by  adjustment  of  one 
or  both  of  the  resistors  110  and  114,  that  the  plating 
current  components  that  flow  in  opposite  directions  to 
the  opposite  ends  of  test  resistor  51  are  indeed  pre- 
cisely  equal.  Thus,  the  noise  effect  on  the  measure- 
ment  of  the  plating  current  component  is  precisely 
eliminated. 

Because  actual  diodes  such  as  diodes  108,  112 
have  a  forward  bias  or  a  voltage  drop  in  the  order  of 
0.6  volts  in  their  conducting  direction,  the  use  of  these 
diodes  in  the  plating  current  connection  between  the 
resistor  51  and  the  plating  source  66  will  result  in  a 
smaller  plating  potential  at  the  measuring  resistor 
(test  element)  and  thus  cause  the  latter  to  be  plated 
differently  than  the  object  that  is  simultaneously  plat- 
ed  in  the  same  bath.  To  overcome  this  forward  voltage 
drop  across  the  diodes,  the  auxiliary  potential  source 
106  is  inserted  in  the  common  lead  between  the  junc- 
tion  point  1  04  of  the  two  leads  1  00,  1  02  and  the  main 
power  source  66.  The  magnitude  of  the  auxiliary  pow- 
er  source  1  06  is  chosen  so  as  to  make  the  plating  po- 
tential  at  the  resistor  51  the  same  as  it  would  be  in  the 
absence  of  diodes  108,  112  and  the  resistors  110  and 
114.  Of  course,  only  one  of  the  adjusting  resistors 
110,  114  need  be  used,  although  a  precise  adjust- 
ment  is  facilitated  by  the  use  of  the  two  adjustable  re- 
sistors. 

The  sensor  may  be  of  the  configuration  illustrat- 
ed  in  Figs.  1  ,  2,  3,  4  or  5,  having  a  test  element  formed 
of  a  thin  wall  of  tube,  a  wire  or  flat  strip,  or  a  cylinder. 
The  test  element  and  reference  element  each  has  an 
electrically  conductive  substrate  as  previously  descri- 
bed.  For  precision  measurements  with  high  sensitiv- 
ity,  the  substrate  resistivity  will  preferably  be  signifi- 
cantly  higher  than  the  resistivity  of  the  material  to  be 
plated.  The  reference  element  may  be  of  the  type  il- 
lustrated  in  Figs.  3  or  5  and  the  electrically  conduc- 
tive,  high  resistivity  substrate  may  be  formed  of  any 
one  of  a  large  number  of  electrically  conductive  ma- 
terials  including  the  stainless  steels  previously  men- 
tioned,  other  metals,  and  various  types  of  known  elec- 
trically  conductive  plastics.  The  center  tap  lead  88  is 
connected  to  a  mid  point  of  the  test  element  substrate 
when  the  sensor  is  used  for  monitoring  electroplating. 
The  sensor  is  placed  in  the  bath  together  with  the  ob- 
ject  to  be  plated  and  the  anode,  and  connected  as  il- 

lustrated  in  Fig.  7.  Preferably,  before  use  of  the  sen- 
sor  for  monitoring  electroplating,  the  substrate  will  be 
bare,  having  no  plating  or  other  coating  thereon. 
Thereafter,  the  electroplating  process  is  commenced 

5  (without  any  need  to  "sensitize"  or  conductively  coat 
the  substrate)  and  both  the  object  and  test  element 
are  plated.  As  the  plating  proceeds,  measurement  of 
resistance  of  the  test  element  is  accomplished  to  pro- 
vide  a  continuous  on-line  monitoring  of  the  actual 

10  thickness  of  material  plated  upon  the  object. 
Although  the  center  tap  88  has  been  described  as 

especially  useful  in  a  sensor  for  monitoring  electro- 
plating,  the  resistance  measurement  noise  suppres- 
sion  effects  of  the  center  tap  (and  also  the  arrange- 

rs  ment  of  Fig.  9)  are  also  applicable  to  the  above- 
described  corrosion  sensors.  Wherever  a  corrosion 
sensor  is  employed  to  monitor  corrosion  in  an  envir- 
onment  in  which  electrical  currents  are  flowing,  the 
described  noise  suppressing  arrangements  will 

20  cause  such  currents  as  are  induced  in  the  substrate 
by  the  currents  in  the  environment  to  flow  in  bal- 
anced,  mutually  opposing  components  to  effectively 
cancel  the  environmentally  induced  currents  insofar 
as  the  resistance  measurement  is  concerned.  Forex- 

25  ample,  in  a  cathodic  corrosion  protection  system,  the 
corrosion  sensor  of  any  one  of  the  types  described 
above  will  have  induced  therein  a  voltage  and  current 
flowing  in  the  test  element  because  of  the  currents 
flowing  in  the  environment  in  which  the  sensor  is  im- 

30  mersed.  The  use  of  the  above-described  noise  sup- 
pressing  configurations,  employing  a  sensor  of  the 
configuration  illustrated  in  Figs.  6,  7,  8  and  9,  for  ex- 
ample,  will  significantly  reduce  effects  of  such  in- 
duced  currents  on  the  resistance  measurement,  thus 

35  greatly  reducing  noise  in  the  measurement,  at  the 
measurement  source.  For  a  corrosion  sensor  used  in 
a  cathodic  protection  system,  having  noise  suppress- 
ing  leads  as  described  herein,  the  ends  of  the  center 
tap  or  dual  end  leads  remote  from  the  sensor  are  con- 

40  nected  either  to  the  power  source  employed  in  the 
cathodic  protection  system  or  quite  simply  to  the 
structure  (such  as  the  interior  of  a  pipe  or  other  fluid 
container)  that  is  being  protected  by  the  system  and 
which  confines  the  environment  being  monitored. 

45  In  plating  monitoring  (for  reasons  similar  to  those 
described  for  corrosion  sensing),  the  ratio  of  the  test 
element  resistance  (combined  parallel  resistance  of 
coating  and  substrate)  to  the  reference  element  resis- 
tance  (combined  parallel  resistance  of  substrate  and 

so  coating,  if  any)  is  limited  by  circuit  constraints  of  the 
measuring  instrument  to  a  range  of  from  2  at  the  be- 
ginning  of  life  of  the  sensor  to  1  at  the  end  of  life.  In 
other  words,  the  sensor  may  continue  to  be  used  for 
monitoring  of  the  plating  until  the  total  parallel  resis- 

55  tance  of  test  element  substrate  and  plated  coating 
thereon  decreases  to  a  point  at  which  it  is  equal  to  the 
total  resistance  of  the  protected  reference  element. 
Just  as  in  the  case  of  the  corrosion  sensor  described 
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above,  other  instruments  for  measuring  the  plating 
sensor  resistance  may  be  made  to  permit  an  expand- 
ed  measurement  range  of  up  to  1  0  (at  the  start  of  sen- 
sor  life)  to  1  (at  the  end  of  life),  but  at  the  cost  of  de- 
graded  resolution. 

Because  the  ratio  of  total  test  element  resistance 
to  total  reference  element  resistance  that  is  accept- 
able  to  the  measuring  instrument  may  range  from  2 
at  the  beginning  of  sensor  life  to  1  at  the  end  of  sensor 
life  (with  a  preferred  high  resolution  instrument),  it 
can  be  shown  that  the  resistance  of  the  plated  mate- 
rial  may  vary  from  infinite  (no  plating)  to  a  resistance 
equal  to  the  substrate  material  resistance.  Resolution 
degrades  rapidly  as  test  element  coating  resistance 
becomes  less  than  substrate  resistance.  Because  of 
the  similar  geometries  of  substrate  and  plating  of  the 
test  element,  that  is,  equal  diameters  and  equal 
lengths,  the  ratio  of  resistances  is  same  as  the  ratio 
of  thicknesses  of  the  two  materials.  Therefore,  at  the 
end  of  life  of  the  sensor,  where  the  resistance  of  the 
substrate  is  the  same  as  the  resistance  of  the  test 
plating,  it  can  be  shown  that 

k  =  £p 
ts  Ps 

where  tp  is  thickness  of  plated  material,  ts  is  thickness 
of  substrate  material,  pp  is  resistivity  of  plated  mate- 
rial  and  ps  is  resistivity  of  substrate  material. 

Therefore,  the  span  of  measurement  of  the  sen- 
sor  for  monitoring  electroplating  is 

SP  = 
Ps 

where  SP  is  the  span  of  life  of  the  plating  measure- 
ment  in  25,4nm  (mils).  From  this  equation  forSp  it  will 
be  seen  that  one  can  have  a  very  small  plating  meas- 
urement  span  (Sp)  with  an  exceedingly  high  resolution 
when  using  materials  with  large  ratios  of  resistivities 
and  even  when  using  relatively  thick  (ts)  substrates. 
Such  an  arrangement  is  particularly  useful  when 
electroplating  precious  metals  such  as  gold,  silver 
and  platinum.  This  is  true  both  because  of  the  eco- 
nomics  involved  and  because  the  plating  of  these  ele- 
ments  is  generally  exceedingly  thin  and  to  close  tol- 
erances. 

In  other  applications,  where  a  larger  plating 
measurement  life  span  is  required,  a  lower  ratio  of  re- 
sistivities  would  be  desirable.  In  such  a  situation,  a 
desired  larger  life  span,  the  sensor  substrate  may  be 
copper  and  material  to  be  plated  on  the  object  and 
upon  the  substrate  could  be  copper  or  silver.  Thus,  it 
will  be  seen  from  the  life  span  equation  above,  and 
from  constraints  of  the  measurement  circuitry  which 
constrain  a  measurement  to  the  above-described 
range  of  resistance  ratios  of  2  to  1  ,  that  the  thickness 
of  the  substrate  is  a  function  of  the  measurement 
span  required  and  resistivity  of  the  substrate. 

The  above-described  plating  monitor  sensor, 
having  a  centre  tap  on  the  test  element  substrate  as 

previously  described  (and  also  the  sensor  of  Fig.  9), 
may  employ  many  other  physical  configurations  in 
addition  to  those  described  in  connection  with  the  de- 
scription  of  the  corrosion  probe.  For  use  in  plating 

5  monitoring,  the  sensor  may  take  any  suitable  config- 
uration  such  as  a  configuration  substantially  similar 
to  that  of  the  object  being  plated.  For  example,  in  cir- 
cuit  board  plating,  the  sensor  test  element  may  be  in 
the  form  ofa  test  coupon  similar  in  configuration  to 

10  the  circuit  board  substrate  that  is  to  be  plated.  The 
test  coupon  may  be  ofa  nonconductive  material  that 
is  coated  in  any  suitable  manner,  as  for  example  with 
an  initial  coating  of  electroless  plating  to  cause  it  to 
be  conductive,  and  the  noise  suppressing  leads  will 

15  be  connected  as  previously  described.  Although  suit- 
able  acceptable  measurements  of  corrosion  may  be 
made  in  some  environments  with  the  described  sen- 
sor  without  the  centre  tap,  it  is  essential  that  the  cen- 
tre  tap  (or  other  noise  suppressing  leads)  be  em- 

20  ployed  in  making  the  resistance  measurement  for 
monitoring  of  electrolytic  plating  in  order  to  eliminate 
effects  of  the  plating  current  upon  the  resistance 
measurement.  For  example,  in  monitoring  through- 
hole  plating  ofa  circuit  board,  a  test  coupon  is  made 

25  of  dielectric  material  having  a  number  of  holes  therein 
in  an  arrangement  and  configuration  similar  to  the  di- 
electric  object  being  plated  (also  having  an  initial  thin 
electroless  conductive  coating).  The  test  coupon  is 
initially  coated  as  by  electroless  plating  or  other  suit- 

30  able  method,  to  provide  an  electrically  conductive  test 
coupon  substrate  having  a  continuous  electrical  path 
along  the  substrate  surface  from  one  hole  to  another 
and  including  the  walls  of  the  holes.  The  centre  tap  is 
connected  to  an  electrical  midpoint  of  the  test  coupon 

35  or  a  pair  of  noise  suppressing  leads  is  connected  to 
the  ends  of  the  test  coupon,  as  previously  described, 
and  the  apertured  test  coupon  may  be  employed  as 
a  sensor  for  monitoring  plating  of  through-hole  circuit 
boards  in  the  manner  described  above. 

40  With  a  life  span,  as  measured  in  25,4nm  (mils), 
that  is  greater  than  the  thickness  of  desired  plating, 
the  same  probe  can  be  used  for  many  successive 
plating  operations.  For  example,  if  the  life  span  of  the 
probe  is  8p.m  (0.329  mils)  and  a  plating  thickness  of 

45  0,8p.m  (0.03  mils)  is  desired,  the  same  probe  can  be 
used  ten  successive  times  (without  refurbishing)  to 
monitor  ten  successive  0,8nm  (0.03  mil)  plating  oper- 
ations.  For  each  successive  0,8nm  (0.03  mil)  plating 
operation  the  sensor  starts  with  the  plated  test  ele- 

50  ment  coating  of  a  thickness  acquired  in  the  previous 
0,8nm  (0.03  mil)  plating.  In  the  example  chosen,  plat- 
ing  of  8p.m  (0.329  mils)  of  gold  (acquired  after  the 
tenth  plating  operation)  would  have  the  same  resis- 
tance  as  a  250nm  (10  mil)  thickness  of  316  stainless 

55  steel.  Therefore,  at  the  end  of  sensor  life  (e.g.,  when 
sensor  plating  thickness  is  8p.m  (0.329  mils))  the  two 
parallel  resistances  (plating  and  substrate)  are  equal. 
This  life  span  of  8p.m  (0.329  mils)  in  plating  gold  upon 
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stainless  steel  allows  plating  to  continue  or  to  be  re- 
peated  until  the  thickness  of  the  plating  on  the  stain- 
less  steel  test  element  substrate  is  such  that  the  re- 
sistance  of  the  gold  plating  is  equal  to  the  resistance 
of  the  substrate.  As  previously  mentioned,  con- 
straints  of  the  measuring  instrument  make  it  imprac- 
tical  to  measure  test  element  resistance  if  it  is  signif- 
icantly  less  than  the  reference  resistance. 

Among  the  pairs  of  materials,  test  element  and 
substrate  respectively,  that  will  be  most  commonly 
employed  are  nickel,  gold  and  copper  plated  on  316 
stainless  steel;  silver  or  copper  on  copper;  rhodium 
on  316  stainless  steel;  and  nickel  on  carbon  steel.  As 
previously  stated,  a  variation  of  thermal  coefficients 
of  resistivity  of  the  plating  and  substrate  respectively 
outside  of  the  range  of  0.8  to  1  .2  for  the  ratio  of  ther- 
mal  coefficients  of  resistance  can  be  accepted  for 
plating  monitoring  because  of  the  relatively  small  tem- 
perature  ranges  encountered. 

As  in  the  corrosion  sensor,  the  sensor  employed 
in  plating  monitoring  may  be  readily  reused  by  strip- 
ping  the  plating  material  from  the  substrate,  particu- 
larly  where  the  substrate  is  stainless  steel  which  is  in- 
sensitive  to  the  cleaning  agents  employed. 

There  have  been  described  methods  and  appa- 
ratus  for  high  sensitivity  monitoring  of  corrosion 
and/or  electroplating  employing  relatively  thick, 
structurally  self-sufficient  and  self-supporting  electri- 
cally  conductive  substrates  of  high  resistivity,  having 
measurement  coatings  electroplated  thereon  and 
with  the  coatings  varying  between  thicknesses  rela- 
tive  to  substrate  thickness  at  the  beginning  of  life  in 
specified  ranges.  Ratios  of  resistivities  of  the  sub- 
strate  to  the  plated  coating  are  high,  in  the  range  of 
about  7  to  46.  Less  constraints  of  resistivity  ratios  and 
differences  in  thermal  coefficients  of  resistance  are 
imposed  upon  the  sensor  when  used  in  plating  mon- 
itoring  and  especially  in  the  latter  application,  provi- 
sion  is  made  for  minimizing  noise  currents  induced  in 
the  exposed  sensing  element  by  the  currents  flowing 
in  the  electrolytic  bath. 

The  foregoing  detailed  description  is  to  be  clearly 
understood  as  given  by  way  of  illustration  and  exam- 
ple  only,  the  scope  of  this  invention  being  limited  sole- 
ly  by  the  appended  claims. 

Claims 

1.  An  electrical  resistance  sensor  comprising 
a  test  element  (30,  1  30)  adapted  to  be  ex- 

posed  to  an  environment  in  which  monitoring  is  to 
be  accomplished, 

a  reference  element  (36,  136)  protected 
from  such  environment,  and 

means  for  comparing  electrical  resistanc- 
es  of  said  elements  (30,  130,  36,  136)  for  deter- 
mination  of  test  element  thickness, 

said  test  element  (30,  130)  comprising  a 
substrate  formed  of  electrically  conductive  mate- 
rial  characterised  in  that  said  substrate  has  a  rel- 
atively  high  electrical  resistivity,  and  an  electri- 

5  cally  conductive  test  coating  on  said  substrate, 
said  test  coating  having  an  electrical  resistivity 
considerably  less  than  said  substrate  resistivity. 

2.  A  sensor  according  to  claim  1  ,  wherein  the  thick- 
10  ness  of  said  substrate  is  many  times  greaterthan 

the  thickness  of  said  test  coating,  said  test  coat- 
ing  thickness  varying  during  operation  of  said 
sensor  between  a  maximum  wherein  the  resis- 
tance  of  said  test  coating  is  substantially  equal  to 

15  the  resistance  of  said  substrate  and  a  smaller  val- 
ue  wherein  the  resistance  of  said  test  coating  is 
considerably  greater  than  the  resistance  of  said 
substrate. 

20  3.  A  sensor  according  to  claim  1  or  2,  wherein  said 
substrate  is  a  self-supporting,  high-strength  ma- 
terial  that  is  substantially  uniform  through  its 
thickness  and  having  an  exterior  surface,  and 
wherein  said  test  coating  is  electroplated  directly 

25  on  said  material  over  all  of  said  exterior  surface. 

4.  A  sensor  according  to  any  of  the  preceding 
claims,  wherein  said  test  and  reference  elements 
(30,  130,  36,  136)  are  formed  of  a  single  loop  of 

30  electrically  conductive  material  having  a  test  por- 
tion  (32,  34,  132,  134)  adapted  to  be  exposed  to 
said  environment  and  having  a  reference  portion 
(36,  136)  protected  from  said  environment,  said 
test  portion  (32,  34,  132,  134)  including  said  sub- 

35  strate,  said  test  coating  being  electroplated  on 
and  covering  the  entire  exterior  of  said  substrate. 

5.  A  sensor  according  to  any  of  the  preceding 
claims,  wherein  the  thermal  coefficients  of  resis- 

40  tance  of  said  substrate  and  test  coating  are  sub- 
stantially  the  same,  and  wherein  said  reference 
element  (36,  136)  comprises  solely  said  refer- 
ence  portion  of  said  electrically  conductive  mate- 
rial. 

45 
6.  An  electrical  resistance  sensor  according  to  any 

of  the  preceding  claims  in  which  the  electrically 
conductive  test  material  is  electroplated  directly 
on  the  substrate,  and  said  test  material  has  a 

so  thickness  substantially  less  than  said  substrate 
thickness. 

7.  A  sensor  according  to  any  of  the  preceding 
claims,  wherein  the  ratio  of  temperature  coeff  i- 

55  cients  of  resistance  of  said  substrate  and  test  ma- 
terial  is  in  the  range  of  0.8  to  1.2. 

8.  A  sensor  according  to  any  of  the  preceding 

11 
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claims,  wherein  each  of  (a)  the  ratio  of  substrate 
resistivity  to  test  material  resistivity  and  (b)  the 
ratio  of  substrate  thickness  to  test  coating  thick- 
ness  before  the  sensor  has  been  used,  is  about 
forty  to  one.  5 

9.  A  sensor  according  to  any  of  the  preceding  claims 
for  monitoring  electroplating  of  an  object  (58)  im- 
mersed  in  an  electrolytic  bath  (60)  with  an  elec- 
trode  (64),  said  object  (58)  and  electrode  (64)  be-  10 
ing  connected  in  a  plating  circuit  having  a  plating 
power  source  (66), 

in  which  the  electrically  conductive  sub- 
strate  is  adapted  to  be  immersed  in  said  bath  (60) 
and  to  be  plated  as  said  object  (58)  is  plated,  said  15 
substrate  being  subject  to  plating  current  caused 
to  flow  therein  by  said  electrolytic  bath  (60), 

means  for  measuring  electrical  resistance 
of  said  substrate,  said  means  for  measuring  be- 
ing  adversely  affected  by  plating  current  flowing  20 
in  said  substrate,  and 

means  for  connecting  an  intermediate 
point  of  said  substrate  to  said  plating  circuit  to  re- 
duce  adverse  effects  of  said  plating  current  on 
said  means  for  measuring.  25 

test  element  is  connected  at  a  power  source. 

15.  Electroplating  apparatus  comprising  a  sensor  ac- 
cording  to  any  of  the  preceding  claims  for  plating 
an  object  immersed  in  an  electrolytic  bath  (60) 
and  for  monitoring  the  plating,  said  apparatus 
comprising 

an  electrolytic  bath  (60)  adapted  to  have 
an  object  (58)  immersed  therein  for  plating  of 
such  object  (58), 

an  electrode  (64)  in  said  bath  (60), 
a  power  source  (66)  connected  with  said 

electrode  (64)  and  adapted  to  be  connected  to  an 
object  (58)  immersed  in  the  bath  (60),  and 

a  plating  monitor  comprising 
the  sensor  having  an  electrically  conduc- 

tive  substrate  in  said  bath  (60), 
means  for  connecting  said  substrate  to 

said  power  source  (66)  to  cause  said  substrate  to 
be  plated  while  an  object  (58)  in  said  bath  (60)  is 
plated,  and  to  cause  plating  current  components 
to  flow  in  opposite  directions  in  said  substrate, 
and 

means  for  measuring  electrical  resistance 
of  said  substrate  and  its  plating. 

10.  A  sensor  according  to  claim  9,  wherein  said 
means  for  reducing  adverse  effects  of  said  plat- 
ing  current  comprises  unidirectional  conducting 
means  for  coupling  opposite  ends  of  said  sub- 
strate  to  each  other  and  to  said  power  source. 

11.  A  sensor  according  to  claim  10,  wherein  said 
means  for  connecting  said  substrate  to  said  pow- 
er  source  (66)  comprises  means  for  connecting 
the  test  element  (30,  130)  to  the  power  source 
(66)  so  as  to  cause  plating  current  components  of 
mutually  opposite  sense  to  flow  in  said  test  ele- 
ment  (30,  130). 

12.  A  sensor  according  to  claim  10  or  11,  wherein 
said  means  for  connecting  the  substrate  to  the 
power  source  (66)  comprise  first  and  second 
noise  suppression  leads  (70,  74)  connected  be- 
tween  the  power  source  (66)  and  first  and  second 
mutually  spaced  regions  on  said  substrate. 

13.  A  sensor  according  to  any  of  the  preceding  claims 
10  to  12,  wherein  said  means  for  connecting  com- 
prises  a  lead  connected  at  one  end  to  said  sub- 
strate  at  an  intermediate  point  thereof  and  being 
adapted  to  be  connected  to  said  power  source  at 
its  other  end  to  flow  current  between  said  power 
source  and  portions  of  said  test  element  (30,  130) 
on  both  sides  of  said  intermediate  point. 

14.  A  sensor  according  to  any  one  the  preceding 
claims,  wherein  the  mid  point  of  the  substrate  or 

16.  The  apparatus  of  claim  15,  wherein  said  means 
for  connecting  comprises  a  centre  tap  on  said 
substrate  connected  in  circuit  with  said  power 

30  source  (66). 

17.  The  apparatus  of  claim  15,  wherein  said  means 
for  connecting  comprises  first  and  second  leads 
(70,  74)  connected  between  a  common  point  and 

35  first  and  second  mutually  spaced  regions  on  said 
substrate. 

18.  The  apparatus  of  claim  17,  including  first  and 
second  unidirectional  conducting  devices  (108, 

40  112)  connected  in  each  of  said  first  and  second 
leads  (70,  74)  respectively,  an  adjustable  resistor 
(110,  114)  connected  in  at  least  one  of  said  first 
and  second  leads  (108,  112),  and  an  auxiliary  po- 
tential  source  (106)  connected  between  said 

45  common  point  and  said  power  source  (66)  to 
compensate  for  forward  voltage  drop  across  said 
unidirectional  conducting  devices  (108,  112). 

19.  A  method  of  monitoring  electrolytic  plating  using 
50  a  sensor  according  to  any  of  the  preceding  claims 

comprising 
immersing  an  electrode  (64)  and  an  object 

(58)  to  be  plated  in  an  electrolytic  bath  (60), 
making  a  plating  connection  between  a 

55  plating  power  source  (66)  and  the  object  (58)  and 
electrode  (64)  to  cause  plating  current  to  flow  in 
the  object  (58), 

immersing  the  electrically  conductive  test 

12 
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element  of  the  sensor  in  the  electrolytic  bath  (60), 
making  a  monitor  connection  between  the  plating 
power  source  (66)  and  the  test  element  (30,  1  30) 
to  cause  plating  current  to  flow  in  the  test  element 
(30,  130), 

measuring  resistance  of  said  test  element 
(30,  130), 

the  plating  current  in  the  test  element  tend- 
ing  to  cause  adverse  effects  on  the  measuring  of 
resistance,  and 

making  the  monitor  connection  at  a  select- 
ed  region  of  the  test  element  so  as  to  reduce  said 
adverse  effects  by  causing  the  plating  current  to 
flow  in  oppositely  directed  components  in  the  test 
element  (30,  130). 

20.  The  method  of  claim  19,  including  the  step  of 
causing  plating  current  to  flow  in  the  test  element 
(30,  1  30)  in  substantially  equal  and  opposite  com- 
ponents  by  making  the  monitor  connection  to  a 
central  region  or  first  and  second  mutually 
spaced  regions  on  said  test  element  (30,  130). 

Patentanspruche 

1.  Sensor  zur  Messung  des  elektrischen  Wider- 
stands,  bestehend  aus 

einem  Prufelement  (30,  130),  das  einer 
Umgebung  ausgesetzt  werden  kann,  in  der  die 
Uberwachung  durchgefuhrt  werden  soil; 

einem  Referenzelement  (36,  136),  das  ge- 
gen  diese  Umgebung  geschutzt  ist;  und 

einer  Vorrichtung,  mitderdie  elektrischen 
Widerstande  der  genannten  Elemente  (30,  130, 
36,  136)  verglichen  werden  konnen,  urn  die  Dicke 
des  Prufelements  zu  bestimmen, 

wobei  das  Prufelement  (30,  130)  ein  Sub- 
strat  umfaftt,  das  aus  stromleitendem  Material 
besteht;  dadurch  gekennzeichnet,  dali  das  ge- 
nannte  Substrat  einen  relativ  hohen  elektrischen 
Widerstand  aufweist  sowie  einen  stromleitenden 
Prufuberzug  besitzt,  wobei  dieser  Prufuberzug 
einen  bedeutend  geringeren  elektrischen  Wider- 
stand  als  das  Substrat  aufweist. 

2.  Ein  Sensor  nach  Anspruch  1,  bei  dem  die  Dicke 
des  genannten  Substrats  urn  ein  Vielfaches  gro- 
lier  ist  als  die  Dicke  des  genannten  Prufuber- 
zugs,  wobei  die  Dicke  des  genannten  Prufuber- 
zugs  wahrend  der  Anwendung  des  genannten 
Sensors  zwischen  einem  Maximalwert  einer- 
seits,  bei  dem  der  Widerstand  des  genannten 
Pruf  uberzugs  im  wesentlichen  gleich  dem  Wider- 
stand  des  genannten  Substrats  ist,  und  einem 
kleineren  Wert  andererseits,  bei  dem  der  Wider- 
stand  des  genannten  Prufuberzugs  bedeutend 
grolier  ist  als  der  Widerstand  des  genannten  Sub- 

strats,  variiert. 

3.  Ein  Sensor  nach  den  Anspruchen  1  und  2,  bei 
dem  das  Substrat  ein  selbsttragendes  Hochfe- 

5  stigkeitsmaterial  ist,  das  im  wesentlichen  eine 
gleichformige  Dicke  sowie  eine  Aulienflache  auf- 
weist  und  bei  dem  dergenannte  Prufuberzug  di- 
rekt  auf  die  gesamte  genannte  Oberflache  des 
genannten  Materials  galvanisch  aufgetragen 

10  wird. 

4.  Ein  Sensor  nach  einem  der  zuvor  genannten  An- 
spruche,  bei  dem  das  genannte  Prufelement  und 
das  genannte  Referenzelement  (30,  130,  36, 

15  136)  aus  einer  einzigen  Schleife  aus 
stromleitendem  Material  bestehen,  die  einerseits 
ein  Prufteilstuck  (32,  34,  132,  134),  das  der  ge- 
nannten  Umgebung  ausgesetzt  werden  kann  und 
andererseits  ein  Referenzteilstuck  (36,  136),  das 

20  gegen  die  genannte  Umgebung  geschutzt  ist, 
umfalit,  wobei  das  genannte  Prufteilstuck  (32, 
34,  132,  134)  das  genannte  Substrat  einschlielit 
und  dergenannte  Prufuberzug  auf  das  genannte 
Substrat  galvanisch  aufgetragen  ist  und  dessen 

25  gesamte  auliere  Oberflache  bedeckt. 

5.  Ein  Sensor  nach  einem  der  zuvor  genannten  An- 
spruche,  bei  dem  die  Temperaturkoeffizienten 
des  Widerstands  des  genannten  Substrats  und 

30  des  genannten  Prufuberzugs  im  wesentlichen 
gleich  groli  sind  und  bei  dem  das  genannte  Re- 
ferenzelement  (36,  136)  einzig  und  allein  das  ge- 
nannte  Referenzteilstuck  des  genannten  strom- 
leitenden  Materials  umfaftt. 

35 
6.  Ein  Sensor  zur  Messung  des  elektrischen  Wider- 

stands  nach  einem  der  zuvor  genannten  Anspru- 
che,  bei  dem  das  stromleitende  Prufmaterial  di- 
rekt  auf  das  Substrat  plattiert  wird  und  die  Dicke 

40  des  genannten  Prufmaterials  deutlich  kleiner  als 
die  Dicke  des  genannten  Substrats  ist. 

7.  Ein  Sensor  nach  einem  der  zuvor  genannten  An- 
spruche,  bei  dem  das  Verhaltnis  der  Temperatur- 

es  koeffizienten  des  Widerstands  vom  genannten 
Substrat  und  Prufmaterial  im  Bereich  zwischen 
0,8  und  1,2  liegt. 

8.  Ein  Sensor  nach  einem  der  zuvor  genannten  An- 
50  spruche,  bei  dem  (a)  das  Verhaltnis  des 

Substratwiderstands  zum  Prufmaterialwider- 
stands  und  (b)  das  Verhaltnis  der  Substratdicke 
zur  Prufmaterialdicke  vor  der  Anwendung  des 
Sensors  bei  ungefahr  vierzig  zu  eins  liegt. 

55 
9.  Ein  Sensor  nach  einem  der  zuvor  genannten  An- 

spruche  zur  Uberwachung  der  Galvanisierung  ei- 
nes  Objekts  (58),  das  in  ein  mit  einer  Elektrode 
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(64)  ausgestattes  galvanisches  Bad  (60)  ge- 
taucht  wird,  wobei  das  Objekt  (58)  und  die  Elek- 
trode  (64)  in  einem  galvanischen  Stromkreis  mit 
einer  galvanischen  Stromquelle  (66)  verbunden 
sind, 

in  dem  das  stromleitende  Substrat  so  an- 
gepalit  ist,  daft  es  in  das  genannte  Bad  einge- 
taucht  und  genau  wie  das  genannte  Objekt  (58) 
galvanisiert  werden  kann,  wobei  das  genannte 

(66)eineVorrichtung  umfalit,  mitderdasTestele- 
ment  (30,  130)  so  an  die  Stromquelle  (66)  ange- 
schlossen  wird,  dali  die  entgegengesetzt  gerich- 
teten  Komponenten  des  galvanischen  Stroms  in 
das  genannte  Prufelement  (30,  130)  flielien. 

13.  Ein  Sensor  nach  einem  der  Anspruche  10  bis  12, 
bei  dem  die  genannte  Anschlulivorrichtung  eine 
Leitung  umfalit,  die  an  dem  einen  Ende  an  einen 
mittleren  Punktauf  dem  genannten  Substrat  und 
mit  dem  anderen  Ende  an  die  Stromquelle  ange- 
schlossen  wird,  so  dali  beiderseits  des  genann- 
ten  mittleren  Punktes  ein  Strom  zwischen  der  ge- 
nannten  Stromquelle  und  Teilstucken  des  ge- 

nannten  Prufelements  (30,  130)  flielit. 

14.  Ein  Sensor  nach  einem  der  zuvor  genannten  An- 
spruche,  bei  dem  der  Mittelpunkt  des  Substrats 

5  oder  Prufelements  an  eine  Stromquelle  ange- 
schlossen  wird. 

15.  Eine  Galvanisiervorrichtung  mit  einem  Sensor 
nach  einem  der  zuvor  genannten  Anspruche,  mit 

10  dem  ein  Objekt  in  ein  galvanisches  Bad  (60)  ein- 
getaucht  und  der  Galvanisiervorgang  uberwacht 
wird,  wobei  die  genannte  Vorrichtung  folgendes 
umfalit: 

ein  galvanisches  Bad  (60),  in  das  ein  Ob- 
is  jekt  (58)  zum  Zwecke  der  Galvanisierung  dieses 

Objekts  eingetaucht  wird  und  das  eine  Elektrode 
(64)  enthalt; 

eine  Stromquelle  (66),  die  an  die  genannte 
Elektrode  (64)  und  entsprechend  an  ein  in  das 

20  Bad  (60)  eingetauchtes  Objekt  (58)  angeschlos- 
sen  wird; 

eine  Uberwachungsvorrichtung,  die  aus 
einem  Sensor  besteht,  der  ein 

stromleitendes  Substrat  im  genannten  Bad  (60) 
25  aufweist;  sowie 

eine  Vorrichtung  zum  Anschlielien  des  ge- 
nannten  Substrats  an  die  genannte  Stromquelle 
(66),  so  dali  das  genannte  Substrat  in  dem  ge- 
nannten  Bad  (60)  genauso  galvanisiert  wird  wie 

30  dasjeweilige  Objekt  (58)  und  dali  die  Komponen- 
ten  des  galvanischen  Stroms  innerhalb  des  ge- 
nannten  Substrats  in  entgegengesetzter  Rich- 
tung  flielien  und 

eine  Vorrichtung  zur  Messung  des  elektri- 
35  schen  Widerstands  des  genannten  Substrats 

und  seines  galvanischen  Uberzugs. 

16.  Die  Vorrichtung  nach  Anspruch  15,  bei  derdie  ge- 
nannte  Anschlulivorrichtung  eine  Mittelpunkt- 

40  Anschlulileitung  auf  dem  genannten  Substrat 
umfalit,  die  im  Stromkreis  an  die  genannte 
Stromquelle  (66)  angeschlossen  ist. 

17.  Die  Vorrichtung  nach  Anspruch  15,  bei  derdie  ge- 
45  nannte  Anschlulivorrichtung  eine  erste  und  zwei- 

te  Anschlulileitung  (70,  74)  umfalit,  die  ange- 
schlossen  werden  zwischen  einen  gemeinsamen 
Anschlulipunkt  und  den  ersten  und  zweiten  aus- 
einanderliegenden  Anschlulibereich  auf  dem 

so  Substrat. 

18.  Die  Vorrichtung  nach  Anspruch  1  7,  einschlielilich 
einer  ersten  und  zweiten  einseitig  gerichteten 
Leiteinrichtung  (108,  112),  die  jeweils  zwischen 

55  die  genannte  erste  und  zweite  Zuleitung  (70,  74) 
geschaltet  werden;  einschlielilich  eines  Stellwi- 
derstands  (110,  114),  der  in  mindestens  einer  der 
genannten  ersten  und  zweiten  Zuleitung  (108, 

Substrat  einem  galvanischen  Strom  ausgesetzt  10 
ist,  der  in  ihm  aufgrund  des  genannten  galvani- 
schen  Bades  (60)  flielit; 

mit  einer  Vorrichtung  zur  Messung  des 
elektrischen  Widerstands  des  genannten  Sub- 
strats,  wobei  diese  Melivorrichtung  durch  den  im  15 
genannten  Substrat  flielienden  galvanischen 
Strom  negativ  beeinflulit  wird;  sowie 

mit  einer  Vorrichtung  zum  Anschluli  eines 
mittleren  Punktes  des  genannten  Substrats  an 
den  genannten  galvanischen  Stromkreis  zur  Re-  20 
duzierung  der  negativen  Einflusse  des  genann- 
ten  galvanischen  Stroms  auf  die  genannte  Meli- 
vorrichtung. 

10.  Ein  Sensor  nach  Anspruch  9,  bei  dem  die  Vorrich-  25 
tung  zur  Verringerung  der  negativen  Einflusse 
des  genannten  galvanischen  Stroms  eine  gleich- 
gerichtete  Leitvorrichtung  umfalit,  mit  derdie  ge- 
genuberliegenden  Enden  des  genannten  Sub- 
strats  miteinander  und  an  die  genannte  Strom-  30 
quelle  angeschlossen  werden. 

11.  Ein  Sensor  nach  Anspruch  10,  bei  dem  die  ge- 
nannte  Vorrichtung  zum  Anschlielien  des  ge- 
nannten  Substrats  an  die  genannte  Stromquelle  35 

12.  Ein  Sensor  nach  einem  der  Anspruche  10  oder 
11,  bei  dem  die  genannte  Vorrichtung  zum  An- 
schluli  des  Substrats  an  die  Stromquelle  (66)  ei- 
ne  erste  und  eine  zweite  Entstorleitung  (70,  74)  45 
umfalit,  die  zwischen  die  Stromquelle  (66)  einer- 
seits  und  dem  ersten  und  zweiten  wechselseiti- 
gen  Zwischenraum  auf  dem  Substrat  geschaltet 
werden. 

14 
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112)  dazwischengeschaltet  ist;  sowie  einschlieli- 
lich  einer  zusatzlichen  Spannungsquelle  (106), 
die  zwischen  den  genannten  gemeinsamen 
Punkt  und  die  genannte  Stromquelle  (66)  ge- 
schaltet  wird,  urn  eine  fiber  die  genannte  einseitig 
gerichtete  Leiteinrichtung  (108,  112)  auftretende 
Vorspannung  auszugleichen. 

19.  Ein  Verfahren  zur  Uberwachung  der  Gaivanisierung 
unter  Verwendung  eines  Sensors  nach  einem  der 
zuvor  genannten  Anspruche,  bei  dem  eine  Elek- 
trode  (64)  und  ein  Objekt  (58)  zum  Galvanisieren 
in  ein  galvanisches  Bad  (60)  eingetaucht  werden; 

eine  galvanische  Verbindung  zwischen 
der  galvanischen  Stromquelle  (66),  dem  Objekt 
(58)  und  der  Elektrode  (64)  hergestellt  wird,  urn 
einen  galvanischen  Stromfluli  innerhalb  des  Ob- 
jekts  (58)  zu  verursachen; 

das  stromleitende  Prufelement  des  Sen- 
sors  in  das  galvanische  Bad  (60)  eingetaucht 
wird,  ein  Uberwachungsanschluli  zwischen  der 
galvanischen  Stromquelle  (66)  und  dem  Prufele- 
ment  (30,  130)  hergestellt  wird,  urn  einen  galva- 
nischen  Stromfluli  innerhalb  des  Prufelements 
(30,  130)  zu  verursachen; 

der  Widerstand  des  genannten  Prufele- 
ments  (30,  130)  gemessen  wird; 

der  galvanische  Strom  im  Prufelement 
verstarkt  negativen  Einfluli  auf  den  Meliwider- 
stand  ausubt;  und 

der  Uberwachungsanschlup  in  dem  aus- 
gewahlten  Bereich  des  Prufelements  so  herge- 
stellt  wird,  dap  die  genannten  negativen  Einflus- 
se  reduziert  werden,  indem  der  galvanische 
Strom  so  umgeleitet  wird,  dap  deren  Komponen- 
ten  in  entgegengesetzter  Richtung  im  Prufele- 
ment  (30,  130)  flielien. 

20.  Das  Verfahren  nach  Anspruch  19,  einschlielilich 
des  Schrittes,  bei  dem  die  galvanischen  Strom- 
komponenten  in  dem  Prufelement  (30,  130)  im 
wesentlichen  in  gleicher  und  entgegengesetzter 
Richtung  fliepen,  indem  die  Uberwachungsvor- 
richtung  an  den  mittleren  Bereich  bzw.  ersten 
und  zweiten  wechselseitigen  Zwischenraum  auf 
dem  genannten  Prufelement  (30,  130)  ange- 
schlossen  wird. 

Revendications 

1.  Capteur  a  resistance  electrique,  comprenant 
un  element  de  test  (30,  130)  adapte  pour 

etre  expose  a  un  milieu  dans  lequel  doit  etre  rea- 
lise  le  controle, 

un  element  de  reference  (36,  136)  protege 
de  ce  milieu,  et 

un  moyen  pour  comparer  les  resistances 

electriques  desdits  elements  (30,  130,  36,  136), 
afin  de  determiner  I'epaisseur  de  I'element  de 
test, 

ledit  element  de  test  (30,  130)  comprenant 
5  un  substrat  forme  de  materiau  electriquement 

conducteur  caracterise  en  ce  que  ledit  substrat  a 
une  resistivite  electrique  relativement  elevee,  et 
un  revetement  de  test  electriquement  conducteur 
sur  ledit  substrat,  ledit  revetement  de  test  ayant 

10  une  resistivite  electrique  considerablement  infe- 
rieure  a  la  resistivite  dudit  substrat. 

2.  Capteur  selon  la  revendication  1,  dans  lequel 
I'epaisseur  dudit  substrat  est  de  plusieurs  fois  su- 

15  perieure  a  I'epaisseur  dudit  revetement  de  test, 
I'epaisseur  dudit  revetement  de  test  variant  au 
cours  du  fonctionnement  dudit  capteur  entre  un 
maximum,  ou  la  resistance  dudit  revetement  de 
test  est  sensiblement  eg  ale  a  la  resistance  dudit 

20  substrat,  et  une  valeur  inferieure,  ou  la  resistance 
dudit  revetement  de  test  est  considerablement 
superieure  a  la  resistance  dudit  substrat. 

3.  Capteur  selon  la  revendication  1  ou  2,  dans  le- 
25  quel  ledit  substrat  est  un  materiau  autosuppor- 

tant  de  grande  solidite  qui  est  sensiblement  uni- 
forme  dans  toute  son  epaisseur  et  presents  une 
surface  exterieure,  et  dans  lequel  ledit  revete- 
ment  de  test  est  depose  elect  rolytiquement  direc- 

30  tement  sur  ledit  materiau  sur  toute  ladite  surface 
exterieure. 

4.  Capteur  selon  I'une  ou  I'autre  des  revendications 
precedentes,  dans  lequel  lesdits  elements  de 

35  testetde  reference  (30,  130,36,  1  36)  sont  formes 
d'une  seule  boucle  de  materiau  electriquement 
conducteur  presentant  une  partie  de  test  (32,  34, 
132,  134)adaptee  pour  etre  exposee  audit  milieu 
et  presentant  une  partie  de  reference  (36,  136) 

40  protegee  dudit  milieu,  ladite  partie  de  test  (32, 
132,  34,  134)  comprenant  ledit  substrat,  ledit  re- 
vetement  de  test  etant  depose  electrolytique- 
ment  sur  et  recouvrant  tout  I'exterieur  dudit  subs- 
trat. 

45 
5.  Capteur  selon  I'une  des  revendications  prece- 

dentes,  dans  lequel  les  coefficients  thermiques 
de  resistance  dudit  substrat  et  dudit  revetement 
de  test  sont  sensiblement  les  memes,  et  dans  le- 

50  quel  ledit  element  de  reference  (36,  136) 
comprend  uniquement  ladite  partie  de  reference 
dudit  materiau  electriquement  conducteur. 

6.  Capteur  a  resistance  electrique  selon  I'une  des 
55  revendications  precedentes,  dans  lequel  le  mate- 

riau  de  test  electriquement  conducteur  est  depo- 
se  electrolytiquement  directement  sur  le  subs- 
trat.et  ledit  materiau  de  test  a  une  epaisseur  sen- 

15 
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siblement  inferieure  a  I'epaisseur  dudit  substrat. 

7.  Capteur  selon  I'une  des  revendications  prece- 
dentes,  dans  lequel  le  rapport  entre  les  coeffi- 
cients  de  temperatures  des  resistances  dudit 
substrat  et  du  materiau  de  test  est  de  I'ordre  de 
0,8  a  1,2. 

8.  Capteur  selon  I'une  des  revendications  prece- 
dentes,  dans  lequel  chacun  de  (a)  le  rapport  en- 
tre  la  resistivite  du  substrat  et  la  resistivite  du  ma- 
teriau  de  test  et  (b)  le  rapport  entre  I'epaisseur  du 
substrat  et  I'epaisseur  du  revetement  de  test 
avant  que  le  capteur  n'ait  ete  utilise,  est  d'environ 
quarante  a  un. 

9.  Capteur  selon  I'une  des  revendications  prece- 
dentes  pour  le  controle  du  revetement  electroly- 
tique  d'un  objet  (58)  plonge  dans  un  bain  electro- 
lytique  (60)  avec  une  electrode  (64),  lesdits  objet 
(58)  et  electrode  (64)  etant  relies  dans  un  circuit 
de  revetement  electrolytique  comportant  une 
source  de  puissance  pour  le  revetement  electro- 
lytique  (66), 

dans  lequel  le  substrat  electriquement 
conducteur  est  adapte  pour  etre  plonge  dans  ledit 
bain  (60)  et  pour  etre  revetu  au  fur  et  a  mesure 
que  ledit  objet  (58)  est  revetu,  ledit  substrat  etant 
soumis  au  courant  de  revetement  electrolytique 
que  ledit  bain  electrolytique  (60)  y  fait  circuler, 

un  moyen  pour  mesurer  la  resistance  elec- 
trique  dudit  substrat,  ledit  moyen  de  mesure  etant 
affecte  de  facon  defavorable  par  le  courant  de  re- 
vetement  electrolytique  circulant  dans  ledit  sub- 
trat,  et 

un  moyen  pourraccorderun  point  interme- 
diaire  dudit  substrat  audit  circuit  de  revetement 
electrolytique  af  in  de  reduire  les  effets  defavora- 
bles  dudit  courant  de  revetement  electrolytique 
sur  ledit  moyen  de  mesure. 

10.  Capteur  selon  la  revendication  9,  dans  lequel  le- 
dit  moyen  pour  reduire  les  effets  defavorables 
dudit  courant  de  revetement  electrolytique 
comprend  un  moyen  conducteur  unidirectionnel 
destine  a  coupler  les  extremites  opposees  dudit 
substrat  I'une  a  I'autre  et  a  ladite  source  de  puis- 
sance. 

11.  Capteur  selon  la  revendication  10,  dans  lequel  le- 
dit  moyen  pour  relier  ledit  substrat  a  ladite  source 
de  puissance  (66)  comprend  un  moyen  pour  relier 
I'element  de  test  (30,  1  30)  a  la  source  de  puissan- 
ce  (66),  de  maniere  a  faire  circuler  les  composan- 
tes  du  courant  de  revetement  electrolytique  de 
sens  oppose  I'une  a  I'autre  dans  ledit  element  de 
test  (30,  130). 

12.  Capteur  selon  la  revendication  10ou  11,  dans  le- 
quel  ledit  moyen  pour  relier  le  substrat  a  la  source 
de  puissance  (66)  comprend  un  premier  et  un  se- 
cond  conducteurs  de  suppression  du  bruit  (100, 

5  1  02)  connectes  entre  la  source  de  puissance  (66) 
et  une  premiere  et  une  seconde  zones  espacees 
I'une  de  I'autre  sur  ledit  substrat. 

13.  Capteur  selon  I'une  des  revendications  10  a  12 
10  precedentes,  dans  lequel  ledit  moyen  de  liaison 

comprend  un  conducteur  connecte  a  I'une  de  ses 
extremites  audit  substrat,  en  un  point  interme- 
diairedecelui-ci,  et  adapte  pour  etre  relie  a  ladite 
source  de  puissance  a  son  autre  extremite,  pour 

15  faire  circuler  du  courant  entre  ladite  source  de 
puissance  et  des  parties  dudit  element  de  test 
(30,  130)  des  deux  cotes  dudit  point  intermediai- 
re. 

20  14.  Capteur  selon  I'une  des  revendications  prece- 
dentes,  dans  lequel  le  centre  du  substrat  ou  de 
I'element  de  test  est  relie  a  une  source  de  puis- 
sance. 

25  15.  Appareil  pour  le  revetement  electrolytique, 
comprenant  un  capteur  selon  I'une  des  revendi- 
cations  precedentes,  pour  le  revetement  electro- 
lytique  d'un  objet  plonge  dans  un  bain  electroly- 
tique  (60)  et  pourcontrolerle  revetement  electro- 

30  lytique,  ledit  appareil  comprenant 
un  bain  electrolytique  (60)  adapte  pour 

I'immersion  d'un  objet  (58)  pour  le  revetement 
electrolytique  de  cet  objet  (58), 

une  electrode  (64)  dans  ledit  bain  (60), 
35  une  source  de  puissance  (66)  reliee  a  la- 

dite  electrode  (64)  et  adaptee  pour  etre  reliee  a 
un  objet  (58)  immerge  dans  le  bain  (60),  et 

un  dispositif  de  controle  du  revetement 
electrolytique,  comprenant 

40  le  capteur  presentant  un  substrat  electri- 
quement  conducteur  dans  ledit  bain  (60), 

un  moyen  pour  relier  ledit  substrat  a  ladite 
source  de  puissance  (66),  pour  faire  revetir  ledit 
substrat  tandis  qu'est  revetu  un  objet  (58)  dans 

45  ledit  bain  (60),  et  pour  faire  circuler  des  compo- 
santes  de  courant  de  revetement  electrolytique 
dans  des  sens  opposes  dans  ledit  substrat,  et 

un  moyen  pour  mesurer  la  resistance  elec- 
trique  dudit  substrat  et  de  son  revetement  elec- 

50  trolytique. 

16.  Appareil  selon  la  revendication  15,  dans  lequel 
ledit  moyen  de  liaison  comprend  une  prise  cen- 
trale  sur  ledit  substrat  reliee  en  circuit  a  ladite 

55  source  de  puissance  (66). 

17.  Appareil  selon  la  revendication  15,  dans  lequel 
ledit  moyen  de  liaison  comprend  un  premier  et  un 

16 
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second  conducteurs  (100,  102)  connectes  entre 
un  point  commun  et  une  premiere  et  une  seconde 
zones  distantes  I'une  de  I'autre  sur  ledit  substrat. 

18.  Appareil  selon  la  revendication  17,  comportant  5 
un  premier  et  un  second  dispositifs  conducteurs 
unidirectionnels  (108,  112)  raccordes  respective- 
ment  a  chacun  desdits  premier  et  second 
conducteurs  (100,  102),  une  resitance  reglable 
(110,  114)  raccordee  a  au  moins  I'un  desdits  pre-  10 
mier  et  second  conducteurs  (100,  102),  et  une 
source  de  potentiel  auxiliaire  (106)  raccordee  en- 
tre  ledit  point  commun  et  ladite  source  de  puis- 
sance  (66),  pour  compenser  la  chute  de  tension 
directe  dans  lesdits  dispositifs  conducteurs  uni-  15 
directionnels  (108,112). 

19.  Precede  pour  controler  le  revetement  electrolyti- 
que  a  I'aide  d'un  capteur  selon  I'une  des  revendi- 
cations  precedentes,  comprenant  20 

I'immersion  d'une  electrode  (64)  et  d'un 
objet  (58)  a  revetir  dans  un  bain  electrolytique 
(60), 

I'etablissement  d'une  connexion  de  reve- 
tement  electrolytique  entre  une  source  de  puis-  25 
sance  pour  le  revetement  electrolytique  (66)  et 
I'objet  (58)  et  I'electrode  (64),  pour  faire  circuler 
le  courant  de  revetement  electrolytique  dans  I'ob- 
jet  (58), 

I'immersion  de  I'element  de  test  electri-  30 
quement  conducteur  du  capteur  dans  le  bain 
electrolytique  (60),  en  etablissant  une  connexion 
de  controle  entre  la  source  de  puissance  pour  le 
revetement  electrolytique  (66)  et  I'element  de 
test  (30,  1  30)  pour  faire  circuler  le  courant  de  re-  35 
vetement  electrolytique  dans  I'element  de  test 
(30,  130), 

la  mesure  de  la  resistance  dudit  element 
de  test  (30,  130),  le  courant  de  revetement  elec- 
trolytique  dans  I'element  de  test  tendant  a  provo-  40 
quer  des  effets  defavorables  sur  la  mesure  de  la 
resistance,  et 

I'etablissement  de  la  connexion  de  contro- 
le  dans  la  zone  choisie  de  I'element  de  test,  de 
maniere  a  reduire  lesdits  effets  defavorables  en  45 
faisant  circuler  le  courant  de  revetement  electro- 
lytique  dans  des  composantes  de  direction  oppo- 
see  dans  I'element  de  test  (30,  130). 

20.  Precede  selon  la  revendication  19,  comportant  50 
I'etape  consistant  a  faire  circuler  le  courant  de  re- 
vetement  electrolytique  dans  I'element  de  test 
(30,  130)  dans  des  composantes  sensiblement 
eg  ales  et  opposees  en  etablissant  la  connexion 
de  controle  dans  une  zone  centrale  ou  dans  une  55 
premiere  et  une  seconde  zones  distantes  I'une  de 
I'autre  sur  ledit  element  de  test  (30,  130). 
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